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RELATION OF A LARGE SOIL-BORNE SPORE 
TO PHYCOMYCETOUS MYCORRHIZAL 
INFECTIONS 


The sO called  ¥e siculatr arbuscular or “phycomycetous mvcol 
rhizal fungus has been described by many investigators as occurring 


of wild and cultivated plants in widely 
| 
bye recognized by 


on a great variety cattered areas 
of the world. This type of mycorrhizal fungus can 


the irregular coenocytK hyphae which penetrate directly through the 


cells of the outer cortex of the root. Coils and continuou loops are 


reach the 


penetrating hyphae When hyphae 
with haustorium-like 


frequently produced by 
inner cortex, their growth is mainly intercellular 


structures called arbuscules forming within the cell Terminal bodi 
called vesicle often form in the intercellular space in the outer corte 


In [linois, the feeder root 
through cycles of loss and regeneration 


ativa | The mvco! 


stem of red « love r, Trifolium pral nse | 


is short-lived and goes ar to 


that described by Jones (8) for alfalfa, Medicago 


rhizal fungus is one of the most conspicuous fungi a 
ll attempts to isolate this fungus directly 


ociated vith the 


young rootlets of red clover \ 
from roots have failed, and consequently it has been impossible to deter 
mine the effect of the fungus. Diverse opinions have been expressed by 
fungus to the host Some plant 


other workers as to the relation of the 
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pathologist have taken 
ve that it 1s a 


isolating and 


vidence for either point 
This type of mycorrhiza appears 
roots of many agricultural crops 
numerous alfalfa and pea, /’isum 
consin, | tah, Idaho, and \lontana, Jone 
appeared infested to some degree 
nous plants which are potential ho 
invaded Many published accounts |i 
plants in which this type of mycorrhizal fungus has beet 
Because of the widespread occurrence of this fungus wit 
of plants, knowledge of the relation hip between the fungu 
appears necessary for a clearer understanding of both normal 
logic root development Determination of the life histor 
ogy of the fungus may aid in the development of technique 
of the problem of host-parasite relations. This paper include 
ot a study to determine the relationship of the soil-borne spore 
to the mycorrhizal infection of the root 
Comprehensive literature reviews concerned 
rhiza have been published recently by Kelley (9) 
consequently only a few papers will be discussed here 
applied to a member of this group was Rhizophagus populinus Dangeard 
(3, 4). Dangeard’s description was based only the appearance of 


the fungus within the root. Galland (5) and other investigator 


demonstrated considerable variation in the appearance of 


mycorrhiza from one group of plants to another However, 
no data available to determine adequately vhether one o1 
is involved. The described variation could be due to different 
variability within species, or to a response of one species 
host The name Khisophagus teae (Zimm.) Butler is common! 
for the form on tea However, only vesicles were described in the 
exceedingly brief original description (14), and it is doubtful if they 
could be distinguished from those described for Rhizophagus populinu 
Until consistent morphological differences are shown to exist between 
isolates of known purity, it would be better to refer fungi his general 
type to either Khisophagus populinus or to avoid the u pecific 
names 

lhe systematic position of this type of mycorrhizal fungus is als 


uncertain. Butler (2) described vesicles produced outside of roots and 





the so-called chlamydospores of 


I 
naceat Peyronel 11) reported that species Of EL ndogone were res] 


— 4 1 
noted their res¢ Dlance to | 


‘ 
i¢ 


sible tor the endotropi mvcorrhiza of some plants Mosse (10 re 


’ 


cently reported tructifications of the Endogone type attached to straw 


berry roots containing the mycorrhizal fungus. She reported “typical 
mycorrhizal infection” when these fruiting bodies were added to sterile 
soil with strawberry seedlings 


Many workers have attempted to isolate this fungus, and a few have 


] | SUCCESS ; however, Harley (6) states that ast reported 


’ 
have the isolated fungi, when inoculated on sterile seedlings, formed 


ortec 


arbuscules or vesicles which have been convincingly described or figured 


Barrett (1) succeeded in obtaining pure cultures from mycelium and 
external vesicles of the type described by Butler (2 However, he h: 


] 


not yet reported successful inoculations with these cultures 


Spores used 11 is study were obtained from two soil sources ] 
A field on the Ih : Kxperiment Station, Agronomy 
South Farm, Urbana, Illinois, w Kenland red clover had been 
growing continuously for three years. Soil was carefully collected trom 
near clover roots; however, the presence of grass weeds made it uncet 
tain that all spores obtained from these samples were produced on 
clover; and 2) the Illinois Agricultural Experiment Station, Morrov 
Plots, located on the campus of the University Soil was collected from 
near the roots of corn, Zea mays L., plants in a plot where corn ha 
been grown continuously without treatment since 1876 All weeds are 
carefully removed from the plot each year and it may assumed that 
spores obtained from this soil were produced on corn 

Spore-like bodies were removed from soil in quantity by the proce 
of wet sieving and decanting as used for recovering cysts of //eterodera 
from non-desiccated sample \pproximately 250 ce of soil collected 
from near plant roots was suspended in a liter or more of water Sol 
particles were allowed to settle for a few seconds and the liquid decanted 
through a No. 18 sieve (1 mm openings). The suspension that passed 


‘ 


through this sieve was retained and poured through a N 
(0.25 mm opening The material retained on the No. 60 sieve 
then washed under the tap, transferred to a Petri dish, and examined 
under the low power of stereoscopic microscope Spores were sep 
arated from the remainin by me; ‘ al r needlie 


Roots were cleared and lin 10 minutes in a 





1 
hOral 


AY top! ‘ nol 


QO] BOR 


[he nature and relation of the various 
vith phycomycetous mycorrhizal infection 
eems best 
discussion, bodies that 
in the following mannet 

s| ype \ pore (Fic l 
vorkers and considered by 
pores of the Iendogonaceae 
have not been described as exceeding 200 
attached directly to the spore, without a bulbou 
are not separated from the hyphae by a cros 


and external ves le appeal to he comparable, 


as type A spores. Type A spores usually do not geri 
attached hyphae will continue to grow and hyphae 
broken ends of old hyphae 


) ] 


Type B spores (Fics. 2, 3) apparently have 
described. They are borne singly and are bright 
with a thin outer and thick inner wall, spherical 
in shape, filled with oil droplets and measuring 1é 
he attached hypha enlarge s into a distinct bulbou 
cliameter, at the base of the spore \n antheridiun 
from the bulbous swe lling to the base of the spore I] 
wall in the tube about midway between the bulbou 
ben Ses low the 


pore, and there is usually a septum in the attached hypha 


bulbous swelling. The spores tend to be spherical but are often hig! 
| | 


irregular in size and shape (Fic. 3 The shape of the spore is prob 


ably determined to some extent y the available pact bet 
articles ly spores germinate | | vert 
base of the spore 
Type C spores (Fic. 4) apparently have not be 
cribed. They occur in compact clusters of from 1-16 
one-celled, filled with oil droplets, spherical to slightly clavate 


sionally irregular in shape, with the apex somewhat fl 


late, and are 22-37 «* 20-344 1m size They are not cut off 
hyphae by septa. Germination has not been observed ype 


form on hyphae growing from B spores \ short thick lateral 
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produce a coil from which many smaller hyphae arise 


her 


hyphae branch again and tightly coil around each ot 


eventually terminate in C spore 


DISTRIBUTION Of} PORES 


Although complete records on the occurrence 
| 


not made, they were abundant in most soil examined 


and B pore Ss were closely ASSO iated 
attached to the same mycelium 


Type B spores tall within the size rang ' of Heterode 
Triffitt (13) reported a similar type common in J 


oils, and stated that it had been confu 


3 
st ol the golden 


tode In personal conversations, nemat have reported ob 
found i 


or 


what may have been B spore 
California, Oregon, and Hawaii 


Type B spores were found in 
widely scattered red clover fields 1 lino 
also were found in soil from a thre vberry bed in ¢ 
paign, Illinois, and they were abundant Morrow Plot 
since 1S/¢ Collection if 


corn had been grown continuously 
from the various sources appeared indistinguishable 
ype C spores have been found on mycelium growin, 
in artificial inoculations or in culture They have not 
soil Because of their small size they would not 


unless attached to considerable mycelium. | 


a higher magnification would 


Irom 
the sieve 
( pores were retained by the sieves, 
1 in routine 


be required to observe them than was ordinarily used i 


examinations 


(ZRON\ 


Type B spores were surface sterilized 


They were first washed by transferring 


two changes of sterile charcoal-treated dis 


then placed in a dropper of water in a 
to insure a complete sterilization, those pore floating on 
vith a needle. A dropper of 0.5% 


was added to the water 


of the water were sunk 


chlorite made from commercial Clorox 


ing the spore This solution was removed with a dropper 
ible and replaced with sterile water Spores were not 


Aas po 
than 20 second 


with the hypochlorite solution tor more 
je through at least three 


were washed as rapidly a pos 





(ZERDI 


sterile charcoal-treated distilled water by adding and removing 


‘F 7 
agal 


with a dropper. They were then transferred to an 
incubated at 20° ( Many spores were surface sterilized ef 
this treatment and in some trials as many as 40% germina 
pure cultures \ few times all spores failed 

to have been killed by the treatment 


In two or three days, spores produced one 


the base of the * near the bulbous swelling 


hyphae was similar t iat obtained near artificially 

roots (Fies. 5, t fl they were non-septate, irregul 

in diameter Vg VY awav trom the spore, 

and more regular ‘inally the hyphae became smooth, regular] 
small as 3y in diameter, branching at right angles, somewha 

bling Rhizoctonia he fungus was grown on hemp seed agar 

eeds in 10 cc of watet agar), potato dextrose agar, corn meal 

agar, in water culture with bits of hemp seed, and in 

non-sterile soil organic matter. On agar, growtl 


and hyphae did not exceed 22 mm in length Son 


was obtained in water culture with bits of hen p 


organic matter; under these conditions a fe 
produced 
Hyphae and 


absence € of ce 


LATIO? 
Type B spores extracted from soil have been 


of several different genera Since it is desirable 


tir 


numbers of spores in inocul: 


vy. a me 


the roots into close contact witl 


funnels containing quartz sand 


1 


neck (F1G. 7 Small cotton plug 

and the neck was filled with 
irefully washed 

terilized, were tr: 

then filled with 

Small-seeded speci 

25 spores, and t-1n 

Glass funnels were 

plugged the necl 


water into the fu 
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dluminum 
stained ce Ils 


formed by pe 


and arbuscule 
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Funnels made by forming a sheet of aluminum foil around a 
were found to be more satisfactory Phe neck of such a ft 
preventing plugging, as roots grow Funnels must be 
above until the seedlings emerge Funnels placed with the 
flask of water at the start of an experiment became waterlogged 
failed to yerminate \fter emergence, the funnels were placed 
Ierlenmeyer flask of water \fter two weeks a IN Hoagland 
vas placed in the flasks for one day Nutrient solutions « 


1 


allowed to remain in the flask for longer periods because evapor 
concentrates the salts at the top ol the funnel, re sulting In poor grov 
(One watering with a nutrient solution gave atistactory 
month 

\fter one month plants were removed from the funnels and the 
examined, Roots from plants grown in check funnels appeared 
of fungi. In the infested funnels, B spores germinated at 
considerable hyphal growth (Fics. 5, 6) around the roots 
varied from coarse, irregular, and non-septate to fine, 
regularly septate If penetration had occurred, pore 
on this mycelium 


Hyphae grew along the surface of the roots, produced 


like structures, and penetrated the epidermal cells directly 


grew intracellularly (Fic. 8) as they passed through the outer corte 


and were constricted as they passed through cell wall Penetratit 
hyphae were often loosely coiled, and continuous 
times formed. Growth within the roots 
cytic Following penetration of the root, grov 
cellular and confined to the inner cortex. Hyphae forme: 
pointed projections between the rounded cornet 
arbuscules were produced in abundance (Fic. 10 
The arbuscule (Fic. 11) consists of coars« 
which grow many small dichotomously brancl 


about 1» in diameter and difficult to obsery 


and appear to disintegrate shortly after the 


down, granular material * appears in the 


dense ; ay almost completely obscure the 


] ] ; ] 1; 
irbuscu become oldet ne Pranular materia ( 


} 


hyphae may al ‘ down but often pet 





s obtained from red clo 
break dow! f 

granular material has disappeared Figures 12-16 show 
a strawberry root after most of the tubes and granular 
disappeared 

In one experiment the development of the fungus 
roots was observed over a longer period of time 
infested with 25 Ly spores, were planted to | clover 
nels also were seeded with red clove Water in 
heen washed was poured over the sand in the control funnel 
17 days the aluminum foil funnels were removed, with as _ littl 
turbance of the sand as possible, and the plants transferred to pots 
team-sterilized soil. Over a period of three months roots were 
from the pots, cleared and stained, and examined microscopically 
from control plants remained free from the fungus. The fungu 
oped extensively within the roots of inoculated plants and type C spore 
were produced in abundance on external mycelium. Internal or external 
vesicles (type A spores) have never been produced on plants inoculated 

TABLE | 


with B Sport 


Red clover 
Cort 
Strawbert 
Sweet clover 
Oat 
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with K spores. A few immature B spores were found at th 
three months. 

sy inoculating with spores obtained from known hosts, it is possible 
to conduct a host-range test. Results obtained from inoculation of 
various crops with spores from clover and corn are given in TABLE | 
Hyphae from B spores obtained from corn invaded red clover roots and 
produced arbuscules. Hyphae from B spores from red clover invaded 
corn roots, producing typical arbuscules 

Type LB spores from clover also infected roots of strawberry ane 
sweet clover, Melilotus alba Dest Typical C spores were produced i1 
every case where invasion of roots occurred. The results obtained fron 


these experiment indicate a wide host range 


INOCULATION WITH TYPE A SPORI 


The funnel technique was used to inoculate red clover plant 
type A spores In four experiments using type A spores, limited int 
tion was obtained only in three root Penetrating hyphae, intercellular 
hyphae in the inner cortex, and arbuscules appeared very similar to, if 
not identical with, those produced in roots inoculated with B spore 
(Fics. 17, 18). One group of typical C spores was formed, but no A 
) 


or B spores were produced in these limited experiments 


[ype LB spores are among the largest produced by any fungu he 
chlamydospores of some members of the | ndogonaceae approach their 
size. Thaxter (12), in his revision of the I:ndogonaceae, reports that 
the chlamydospores ot Glasiella vesiculosa Berk. measure 200 « 200 
$15 x 380 lLlowever, the spores of all members 1e | ndogon: eat 
as presently constituted, are borne in compact sporocarps. If B 


represent a sexual stage, then the resemblance of this fungus to mem 


of the Endogonaceae must be superficial. The general appearance 


the B spore and attached hyphae suggests that it may be 
oospore. However, the absence of cellulose in hyphae and 
argues against this possibility \ study of its development 
to determine its nature 

‘| ype ( spores are slightly suggestive ol the vesicle prod 
I:ndoqgone vesiculifera Thaxter. The vesicles of i. wv 
that they are larger, more clavate, thinner walled, ne: 
1 


occur in groups with spherical thick walled chlamydospores 


I 
be noted, however, that Pevronel (11) claimed to have found ! ting 





The relation 
produced 


are 


entangled 


spore 


\ 


involved, the 


Spore 


vould indicate 
he lt 


lallur 
tinued growth 


( 


lraws upon the 
the 


through 


aintain cultur 


common 
mycorrhizal 
hye 


pores have 


decanting Ch 


rom thet 
varied tron 
larly septate 
a limited 
better 


gt 


vhat 
organic matter! 


When 


etrated 


arts 
arti 


! 1 
wll 
I 


thr of} 
rough 


pecame 


produced in 


the roots we 


1 
‘ 


ate spores fort 


1 
VESsicit otten 


not formed 11 


similarity 


attached hyphae 


the spore and ; 


COdl 


vrowt 


plas 


, , 
om 1 in the root 


Vp 
\ spore - 


Ky spores are similar 


VCOTVCECT 


tw ie spore 


, 


associated in the soil and the 


ave been found att: 


r around 


spore smo 


unfavorable envirot 


may hye produced by another speci 


the infections obtained fre 


are closely related 


cultures obtained from B spore 


uggests that this fungus may be an obligate parasite 


ord considerable distance 


A 
i? \ 


stored food in the 


spore to 
| 


rh< 


uncertain al t 


HLlowever, this 1s more attemp ti 


es hould he mace 


ARY 


llow, one-celle spore 291-812 w in diamet four 
ed that it cause 


how 


hie 


Th 
al 


n Illinois soils. Inoculation studi 


appearance ol 


Phese 


| 
ana 


infection ol ycoomycet type 


ugygest that it is ye 


en n quantity trom soil vet sieving 
urface sterilized and pure cultures grov 


germinate d by 


be eT) 
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produc ing verm tube 


1 
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irregular am 


on various types of agar media, 


| t 
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yrown 
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mm in length, wa 


vas obtained in w: ulture with non-st 


owt 


ts of hemp seed 


rT 


t 


inoculations were made, hyphae trom 


H 


Clal 


nt root yphae were intracellular a 


ly 


i} corte 


] } 
¢ ed the innet 


Arbuscle 
Hypl if 


when they 1 


«if 
A through the root 


outside the endodermi 


\fter penetration, 


ulation 


1 


pe rimen 





1 
lected root 


Barrett, J. T. 


pure culture (A 
Butler, E. J. 1939 
arbuscular type 
Dangeard, P. A. 1896 
Le Botaniste 5: 38-4 
1900 Le “Khizophagus populinu 


Galland, G. 1905. Etudes 


66-85; 12 


17 4 
Harley, J. L. 1950 
New Phytologist 49 
Jones, Fred Reuel. 1924 
ome other plant Jour. Agr 
194 Growth and decay 
Jour. Amer. Soc. Agron. 35 
Kelley, Arthur P. Mycotrop! 
Waltham, Mas 
Mosse, Barbara. 195 Fructifica 
berry roots Nature 171: 974 
Peyronel, Beniamino. 7 


q 1 
il 


endotrofische nelle f. 


84—586 

Thaxter, Roland. 1%2 
Acad. Arts and Sci 

Triffitt, Marjorie. 1% 
hachtu of comn 
YH) 

Zimmerman, A. 1%! 
Pilz I. Centralblatt 


QO AT 
P-L / 





THE MORPHOLOGY AND NUTRITION OF 
A NEW SPECIES OF SIROLPIDIUM 


1 
} 


Clam and oyster larvae grown at the U. S. Fisl 


| aboratory at Milford. Conn have suffered irom time to time 


‘ ngus parasite tentatively identified a 
This fungus has 


now been isolated and grown in pure 
ing the difficulties, well described by Sparrow 
marine phycomycetes in their natural hosts 

this fungus in pure culture, nor its ho 


previously described species It is 


i 


i 


The specie . he ré erected 1s based primarily 
distinguishing morphological features appear primaril 
yeete to 


pure culture (though S. W. Watson? isolated Thrausto 


liferum in 1951). Studies of previously described speci 


older cultures Chis is the first marine phycom 


ture will undoubtedly extend our ideas of their capacit 


ISOLATION 
While it should | sible to isolate holocarpi 
as Couch (2), and | 


freshwater and terre ri hnycomycetes, by caref 


isolated some 


of very dilute inocula, much quicker 


perishability ol 1lé mat jal, the small size 
knowledge ot suitable 1 ha and conditions of 


inhibition 
7 wanted 
to isolate, 
amony 


known 
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Fics. 1-4. Sirolpidium soophthorum grown on agar, ca. X 92 (scale between 


figs. 2 and 4; 1 division = 10,4). 1. Germinating cystospores at right. Thallus wit! 


two mature sporangia. Arrow indicates discharge tube of hidden sporangium. 2 
Young branching thallus. Apparent hiatus is large vacuole. Septa and other 
vacuoles present but obscured. 3. Old olpidioid thalli showing branching “rhizoidal 


extensions.” 4. Vacuolate thalli with “resistant cell.’ 


gelatin hydrolysate 0.1%, water soluble vitamins after Vishniac and 
Watson (14)) were poured, dried overnight at 37°, and spread with 0.2 
ml aliquots of an infected larval culture together with 200 units of crystal 


line penicillin G and 0.5 mg of streptomycin. After two to ten days 





incubation at 20° the wert 
veasts. Sporocytophaga ( 7). three species ot holo« irpic marine 
cetes and, growing out from the clam larvae, t desired parasite 
fected larvae sufficiently clear vere removed fro 
with a fine lle and placed i! drops rile 9O% 


nutrient 


ites (as above 


lve 


] 
( 


0.05% ar 
small tubes 

sea water d 

visible on mit 

drops ot sea water | 
zoospores, when trat 
germinated and grew 


abundance of material 


(SERMINATION AD 
group of zoospores 1S 
nutrient agar and incubated 


as more or less spherical masses upon 


for these studies contained sea water 90 
eparately sterilized glucose 0.05%, vitamins a 
[he cyst thus formed enlarges isodiametricall 
diameter of approximately 7-10 » 


commences, forming a regular tube 


but frequently light] thar 


sel ds out two 
ance 


vacuole 


cells 10 
to branch, usual] 
side. past 


seco! dar \ 
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septum, an X-shaped mycelium develops which might be m 


hyphal fusion if the stages of its development had not been observed 


] +} varitl 


A typical young branching mycelium measures 138» in length with a 
61 » branch continuous with the first of the two cells, and is about 15 » 
wide, slightly irregular in width and in shape 

sy the third or fourth day of growth the thallus 1s a much branched 
and dense structure, continuing to grow in length at many growing 
points and in thickness of the individual cells. In the interior of th 
mycelium the cells become very irregular in shape, up to 46 » in diameter, 
while some of the terminal cells have swollen into obovoidal structures, 
50-80 » at their largest diameter, filled with dense cytoplasn Pre 
terminal cells are 15—25 p» in diameter 

SPORULATION : If a drop of sterile 90% sea water is placed on such 
a thallus one or more of the swollen terminal cells act as sporangia, each 


producing a single (rarely 2) discharge tube of uniform thickness (5 p») 
varying in length from 15 to 142 yn, fairly straight except for the longet 
forms. Zoospores are cleaved out within the sporangium and, after 


swarming within the sporangium, swim at random through the discharge 
tube. The tip of the discharge tube appears simply to deliquesce. The 
discharge of zoospores commences about four hours after the application 
of the water drop to a suitable thallus. Three-day cultures contain com 
paratively few mature sporangia. 

‘| he ZOOSpore Ss are about 2 “ 5 p, More or less pear shaped In motion 
at rest varying from ovoid to fusiform to irregularly triangular. Under 
the high power of the light microscope they not infrequently appear to 


have a single stout flageilum (cf. de Bruyne’s Olpidium Bryopsidis, 4) 


The motion of the zoospores is, however, the typical tumbling progress 


of the heterokont spore. Electron micrographs confirmed that the spores 


were heterokont (Fic. 8). Swarming has been observed to continue for 


nearly 24 hours, though it is usually terminated earlier by the drying of 


the drop of water used to induce sporulation. Reflooding does not induce 


further swarming, once the spores have encysted. From this I have 


assumed that the zoospores are monoplanetic 


sporu 


DEVELOPMENT OF RHIZOIDAL EXTENSIONS: After induction of 


lation, that part of the thallus which has not sporulated continues to grov 


more slowly, the individual cells bulging irregularly to 56-82 » 
vacuoles reaching 25 » in diameter \s the medium becomes ex! 
on the 


the cells send out one to several extensions into the agar 


of the agar, and into the air if the atmosphere is sufficiently humid (Fic 


3) These extensions tend to taper from base to tip from as much as 


; 


12-16 to 4-5, though the diameter through most of the length is 
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5—O p y thus resemble discharge tubes in diameter, « 


taper. They are unlike discharge tubes in length (178-042 ») 


] 


branching and rebranching, and in that several usually occur on 


When such a cell is induced to sporulate, it does not discharge 


such an extension, but produces a new discharge tube through wh 


spores produced within the cell (sometimes including the thi 


portion of the extensions) swim Transfer to fresh mediu 


result in the production of new thalli from these extensions 


not, therefore, be considered hyphae If one considers that 


sions may act as absorbers of nutrients at a distance from 


though they do not have the anchoring function of rhizow 
justified to refer to them as rhizoidal extensions 
extensions, and the fact that although apparently 


thallus may function as a sporangium, the entire thallus never dos 


flooded plates, make it difficult to conclude that this fungus 1s 
holocarpi 
RESISTANT CELLS: Occasionally there are produced, as side branche 


on the thalli, light golden-brown ovoidal cells, approximately 40 } 


to SO » DO ps, with dense cytoplasm and relatively thick wal (Fic 


Such structures also appear in thalli grown in semi-solid 


media, and may be produced directly from zoospores u 
, 


tions which give rise to olpidioid thalli. Their structure sugg« 


they may be resistant cells. Whether they are, and if so, what they res 


are problems which must await knowledge of the conditions which 


regular and abundant production of these cells. Resistant cells germinate 
the production of hyphae (ca. 10-15 » in diameter) giving rise to th 
usual thallus 


17 ' 


“Gemmae,” that is, cells with thick walls and dense, non-vacuola 
protoplast, but of the various sizes and shapes and |: of color of the 
vegetative cells, ; found in thalli grown on semi-solid media (Fic. 7 


These cells do not withstand desiccation but are mor sistant to pla 


molysis than the vegetative cells xposure to sea wi concentrated 


fourfold rapidly plasmolysed vegetative cells, but only 
the gemmage After three hours in such concentrated 
but not vegetative cells, were capable of produc 
plated on fresh media Both types 
(10%) to some extent, though after t 
of both types can be seen 

OLPIDIOID THALLI: Zoo 
plates ( 1.4 plates 


nutrient 
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30°, do not produce the thallus described above. Most continue to grow 
more or less isodiametrically to produce a non-vacuolate, spherical to 
ovoid, “olpidioid” thallus. Many produce thalli consisting of one or twe 
hyphae soon terminated by bulbous swellings An occasional more nor 
mal, but usually non-vacuolate, thallus appears. Mere crowding on 

moist, freshly poured plate at 20° does not produce olpidioid thalli 
Olpidioid thalli from a seven-day culture measured 25 to 31 p» (spherical 


11 


thalli) and 31 * 33 to 46 » 56 p (ovoid thalli ) Smaller and larger thalli 
from younger and older cultures are also capable of acting 

PRODUCTION OF SPORANGIA BY “FRAGMENTATION” 
those on dry plates, or grown at 30°, exhibit another 
contents pull away from the cell wall (especially at tl 
into one or more protoplasmic masses ( F1G ,6) hese bodi 
new cell walls, which can be clearly seen within the old cell outlines 
sporulation has been induced, emptying the new cell. These sporan; 
formed by fragmentation of the protoplast within t ll, are strong 
reminiscent of Sparrow’s figure (9, Pl. 2, fig of Sirolpidium 
Bryopsidis. 

Sirolpidium is, in fact, separated from Pontisma (the other mono 
specific genus of the Sirolpidiaceae) by the characteristic fragmentation 
of its lagenidioid thalli to form discrete olpidioid sporangia \lthoug!] 
Sparrow (9) remarks, apropos of the figure cited above, that “often 1 
such chains of cells the wall of the original vegetative body can be 
detected between the segments,” both Sparrow (9, Pl. 2, fig. EF; 10, PIL. I, 
fig. 4) and Petersen (6, Fig. [IX—2, 3) have figured olpidioid sporangia 
formed by fragmentation of the thallus (i.e. separation of entire cells) 
rather than of the protoplast of Sirolpidium Bryopsidis. Fragmentation 
of the thallus of the present fungus, when it is grown on plates, has not 
been observed. 

Sparrow (10) also observed that “if infected Bryopsis were put in 


close contact with air, such as allowing water to drop over tl 
ad } 


em rather 
than submerge them entirely, the fungus underwent a remarkable trans 
formation in body structure. Instead of the formation of typical olpidioid 
thalli, there were formed definitely filamentous, ramifying | 

observation of Sparrow’s suggested that in Sirolpidium 

Pasteur (5) found for Mucor and other fungi, fragmentation o 


may occur as a result of exposure to partially anaerobic conditior 


is at least partially true of the present fungus. When grown in approxi 


mately 1 cm layers of semisolid (0.1% agar) or 5 ml portions of liquid 
medium in tubes, it segments into fragments of Ils, frequently 


including one or more branches, measuring wo cells) to 303 » 
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Fics. 5-8. Sirolpidium soophthorum. 5, 6. Old thalli showing fragmentatio 


of the protoplast. 7. Grown in liquid culture, ca. * 156 (scale below; 1 divisi: 
104). Three-celled thallus fragment. 8 Zoospore, ca 14.200. Flavella 
broken in preparation, but clearly showing “tinsels” on one, not on the other 
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(four cells length (excluding branches), and 10 to 
(Fic. 7) Separation of individual cells has not been observed, 


presumably could occur under more nearly anaerobic conditions 


in the presence of oxygen-utilizing bacteria 


a 


SYSTEMATIC POSITION 


The foregoing description of the morphology otf 
places it in the Sirolpidiaceae of the Lagenidiales of the 
This marine family is characterized, according to Sparrow 
endobiotic, holocarpic thallus lacking in rhizoids, with few or 


strongly vacuolate. Monoplanetic, biflagellate zoospores 


within the sporangium and emerge through a single dis 
occasionally more than one. Sexual and resting stage 
this should be added that, as Petersen (6) emphasized, bot! 
of this family produce both olpidioid and tubular, septate (lagenidioid ) 
sporangia. The difficulties of placing the clam parasite in the Sirolpidi 
aceae are two: first it is dubiously holocarpic; secondly, it produces a 
vigorous, well-branched thallus The extensive development of the 
thallus is undoubtedly due to the conditions under which it has been 
cultivated ; less extensive thalli can be produced at will by modifying the 
conditions of culture as described \s to the first difficulty, the produc 
tion of rhizoidal extensions is probably not peculiar to the present fungus 
Sparrow's (10) “hyphae” of Sirolpidium Bryopsidis (P\. 1, fig. 7) and 
(9) “long, branched discharge tube” of Pontisma lagenidioides (pl. 3 
fiy. E.) seem to have the appearance and dimensions of rhizoidal exter 
sions rather than hyphae (which are usually thicker) or discharge tube 
(which, in the clam parasite at least, do not branch). 

Since the definitive character of Sirolpidium, as opposed to Pontisma 
is fragmentation of the thallus, which in many fungi is entirely dependent 
upon environmental conditions, it is doubtful that Pontisma is a valid 


yenus, For this reason, although Pontisma can hardly be disestablished 


until pure culture studies have been made of both P. lagenidioides and 


S. Bryopsidis, the clam parasite is here placed in Sirolpidium, the prior 


genus. In morphology it differs from Sirolpidium Bryopsidis (as de 
scribed on natural hosts) in the development of a highly branched, exten 
sive, non-fragmenting thallus under favorable conditions, from Pontisma 
lagenidioides (as described on natural hosts) in protoplasmic and 
fragmentation under unfavorable conditions [he dimension 

thallus, discharge tubes and zoospores are essentially similar 


’ 


fungi. Sirolpidium Bryopsidis has been reported only 
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Chlorophyt Bruyne, 4; Petersen, 6; Ow on Bryops 
plumosa arrow, 10, on Cladophora sp.) ; mm" ut lagenidioides on 


four species of the rhodophyte Ceramium ( Peterset marrow, 9, 10) 
Phe pre sent tungus parasitize s larvae of Venus mort ( rassostrea 
virginica, and ’. mortont * V’. mercenaria hybrids (3). This great differ 


ence in natural host seems at present sufficient reason to place the present 


tungus ina new 


Sirolpidium zoophthorum sp. nov 


Thallus ramosus septis praeditu cellulae quaec 


pra‘ ditae, iuvenes 10-15 diam., ad maturitatem usque ad 82,4 diam. irregulari 


crescentes niles rhizoideis ramosis praeditae Sporangia primum apice 
deinde cellula quaevis sporangium fiere potens. Zoospora monoplanetica, biflagel 
2 * Su, in sporangiis formata et per tubulum 5 * 15-142 u singulatim natan 
tes. Thalli sub cultura infelici unam cellulam, ovoideam vel sphaericam, sistente 
sporangia fieri potentes Spora resistens ca. 40 Su ad BO &* 94, 

brana crassa praedita (semmae quoque tormatac 


Parasiticum in larvis Veneris et Crassostreae, Milford, ¢ 


PHYSIOLOGY AND NUTRITION 


Sirolpidium soophthorum makes good growth at 20, 25, and 30 
but does not grow at 36° and survives poorly under retrigeration. Stock 
cultures are kept in liquid media at room temperature and transferred 
once a week. The stock medium consists of marine mineral base ( Vish 
niac, 13); NaH-glutamate, 0.05%; agar (Difco Bacto), 0.1%; thi 


amine: H¢ 


Oo 
> 


; 


20 pg Yo; and glucose (aseptically added after separate 


5. In this medium S. coophthorum grows 


at initial pH from at least 7.5 to 6.7, but not at initial pH below 6.5 


sterilization ), 0.05%, at pH 7 


Growth tends to bring the medium to neutrality 
For nutritional experiments the stock medium, with the omission 


of the constituent in question, was used, distributed 10 ] 25 ml 


glass-capped Erlenmeyer flasks \fter sterilization and inoculation with 
one drop of thallus fragments from a mature liquid culture, tl flask 
were sealed between pyrex kitchen trays with Scotch tape and incubated 
at 25 Growth was estimated by visual inspection \ 
ture grown on stock medium under these conditions has weigl 

5 4 to Y.0 my depending upor the method of harvest he nmneness ol 
the thallus and the presence of small amounts of agar (required for sup 


port in stationary culture) in the medium made the determination of d 


ry 
weights too cumbersome for routine use lhe smaller figure was ob 


tained by centrifuging th ilture and removing as much as possible of 


he fungal layer alon ‘ ied, weighed filter paper disc on which it 
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(GROWTH OF SIROLPIDIUM ZOOPHTHORUM 
APTER O DA 


mcertail rowth oce 


ing amoun 


was obtained by diluting \ 


was dried. The higher figure 
filtering the culture under suction, with 


weighed filter paper disc on which it was dried 


VV 


; 
onte 


tediously washing, 


is probably somewhat higher when the first method is 


lower when the second is used 


Sirolpidium oophthorum is obligately 


INORGANIC REQUIREMENT 
estuarine—failing to grow if NaCl is omitted from the mineral 
e 


marine—or 
1.0 to 3.5% NaCl is present, with a broad ma 


hase Growth occurs if 


mum at 2.0 and 2.5% (see Tapie |) KCI may 


medium without significantly affecting growth 
morganic requirements was not made 


suitable for quantitative work, grow 


rasLe Il 
AFFECTED BY THE PRESENCE O1 


(GROWTH OF SIROLPIDIUM ZOOPHTHORUM A 
AFTER INCUBATION FOR 


ORGANIC AND AMINO ACIDS RELATED TO THE KREBS CYCLI 


7 DAYS AT 25 


glutamate 5 me 
10 
20 
50 
(K)L-a partate 20 
50 
Na, citrate. 54H,O 
20 
50 
Na uccinate OHO 
20 meg 
50 mg 
(Na) fumarate 20 meg 
50 me 


0 indicates no growth + barely \ growth 
increasing amounts of growth from to excellent 
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stock medium as in sea water enriched with gelatin 


and glucoss The NaCl requirement, and the absence 


quirement, are sufficient to inclicate that, while obligately 


fungus is not exactingly stenohaline and is probably estuart 
( see Vishniac, 1; } 


ORGANIC REQUIREMENTS: In attempting to substitute know! 


acids for the gelatin hydrolysate used in isolation the follow 


of amino acids, each amino acid at 5.0 mg %, were supplied 
alanine, NaH - glutamate, (K) L-aspartate, and L-proline; b) | 


HCl, glycine, and L-lysine; ¢ DI -isoleucine and DI-valine 


TasLe Ill 


iL OF VARIOUS CARBON SOURCES (0.05%) TO SIROLP! 


ZOOPHTHORUM | CUBATED AT 25° FOR SEVI DAYS 


olu 

ic Tos 
cellobiose 
maltose 
lactose 
glucose 
re ilactose 
fructose 
irabl 

x vVlose 
ribose 
etha 
Duta 
glycerol 
ma tol 
orbitol 
Na. acetate sHO 
(Na) lactate 


owth rta { » whether 
good 


tryptophan, DL-tyrosine, and DL-phenylalanin 


serine, and DJ_-threonine 
Groups b, c, and f were inhibitory, 


1 


» reach the s ght growth of the con 


without amin 
eemed probable that the requireme: 
magnitude than the usual amino acid requirement 
- one of the amino a ids closely re lated to the Krel 
NaH-glutamate at 50 mg 


) ; | 
it ZU mg “oe supports good 
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certain conditions, but the organic acids of the Krebs cycle, though not 
inhibitory, do not, even when the pH of the medium is lowered to favor 


absorption of the un-ionized acid 


Of 18 compounds (listed in Taste III) supplied to $:rolpidium 


oophthorum at 0.05% as sole carbon sources (in the presence of 
NaH - glutamate, which does not support continued growth as sole carbon 
source), only glucose and soluble starch supported growth greater than 
the barely visible growth in the control flask (Tasie III) \ll sugars 
were sterilized by filtration and added aseptically, as were ethanol and 
butanol, to sterilized medium 

On the third subculture in media from which vitamins have been 
omitted (except such as are present in the agar used), S. zoophthorum 
ceases to grow. ‘The addition of thiamine-HCl, alone of the recognized 
water-soluble vitamins, restores growth to the level permitted by the 


mixture of water-soluble vitamins used in isolation. 


SUMMARY 


The morphoiogical development in pure culture of Strolpidium 
oophthorum, a new species of marine phycomycete parasitizing clam 
and oyster larvae, is described. This highly aerobic fungus makes good 
growth at temperatures ranging from 20 to 30° in defined media con 
taining appropriate inorganic salts, glucose or soluble starch, NaH- 
glutamate, thiamine, and small amounts of agar, provided that the initial 


pH is between 6.7 and 7.5 
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BIOSYNTHETIC POTENTIALITIES OF 
HIGHER FUNGI’ 


WittrAm D. Gray 
(WITH Z FIGURES) 


It comparatively recent years conside rable emphasis has been placed 


upon studies of the special physiology and industrial applications of fung1, 


thus alleviating in part the situation long existent in the field of mycology 


ly of a taxonomic and morphologic na 


in which the emphasis was large ture 


tl 


Impetus to this broadening of viewpoint in mycology has been 
] 


attributable to the various discoveries which have demonstrated 


variety of fungi are capable of synthesizing organic compounds of 
value to man both industrially and medicall 


\lthough studies of fungus metabolic activities had been various 


reported earlier, the first and most extensive attempt to make a thorough 


investigation of the compounds synthesized by fungi was that of Raistricl 


Birkinshaw and others whose basic papers were published in 1931 iF 


their investigations, the metabolic products were separated into chemical 


categories of a general nature (e.g. neutral volatile compounds, acidic 


volatile com] ounds, etc. ) and the total amount of carbon in each cate vor 


was then carefully determined by a wet combustion method. Qualitative 


analyses of the compounds in the various general categories (especial 


liscovery of 


the « irbon ut accounted tor category ) subsequently led to the ( 


compounds hitherto unknown as fungus 


a great \ I organ 


metaboli produc ts 


Unfortunately the work of Raitstrick and his « 
a somewhat restricted view of fungus metabolism, since their 


concerned largely with species of Aspergillus, Penicillium 
£ | 


arly 250 fungi in 


genera of the mold type of fungi hus, of ne 
pecies ot \scomyvcetes (other 


[ Ust 


there were included three 
Penicillium and Aspergillus) and two species of Basidiomycetes 
Vaydis (DC.) Corda and lL’, avenae (Vers.) Jensen| \lthough 1 
Inve stigated, unfortunately there 


species Of so called higher lungi were 


1 Paper No. 574 from the Department of Botany and Plant Pathol 


Ohio State University 
The writers are indebted to the Development Fund 


versity for financial support of this investigation 
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has been some tendency to generalize regarding fungus 
the basis of the researches on molds of Raistrick and | 

In view of the paucity of information concerning 
the fleshy Ascomycetes and Basidiomycetes 
this laboratory a systemat [ ly of the metal 


upon the methods and iques employed 


leagues. Shortly afte 

published an account 

with 40 species o 

which he preset \ n as complet 


English worker he first work from this labora 


metabolism of Basid ycetes was that of Allen (19 


carbon balance Ss lor two species ot ¢ oprinus two 1¢ 


two species of P porus and one species Ol Hyp! Ont 


} 


he possibility that certain of the highe1 


In view ot t 
might synthesize no com her than carbon d 
assimilation product wh 1 mycelium 
an attempt should be 
potentialities of these r uuld be provided 
the extensive ones employed in the preparation 
ances. The need for a simpler method of scree 
judged most promising for more complete 
desirable in view of the report of Raistrick 
organisms which they investigate 
of any material other thar 

The present 
elaborate met 
to convert 
compounds het : lioxt and permanent 
stituents 


rHobp 


used in this 11 
in this labor 

species are the permanent sto k 
listed. All species were initially 
cultures, and all have been maunt 
Yeast Extract, 0.5 percent KH,PO 
the test fungi we either 
comycetous sp 


remainder were 
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representing 6 genera and 11 species. Thirty-six different Basidiomy 
cetes were used; of these, the family Agaricaceae was represented by the 


greatest number of species ; however, there were also five polypores, tour 


boletes, one trembling fungus, one bird’s nest fungus and one puffball 


Che total number of basidiomycete species was 36; these were distributed 
in 24 genera. Test organisms and their stock culture members were 
as follows 


ASCOMYCETES 


Bulgaria inquinans Fr. #141 

Bulgaria rufa Schw. #42 

Bulgaria rufa Schw. #142 

Leotia lubrica (Scop.) Pers. #144 
Vorchella crassipes | Vent.) Pers. #145 
V orchella deliciosa ¥r. +] }7 

Morchella esculenta (\..) Pers. 3144 
Vorchella hybrida (Sow.) Fr. #119 
Vorchella hybrida (Sow.) Fr. #149 
Peziza badia Pers. #15] 

Peziza venosa Pers. #150 

Sclerotinia tuberosa (Hedw.) Fuckel #752 
Verpa conica (Mull.) Schwartz #190 


X ylaria polymorpha (¥r.) Grev. 3154 


BASIDIOMYCETES 


4 1gari us plac OmYyCces Pec k zs 1; } 
Agaricus rodmani Peck #123 
Amanita caesaria Scop. #173 
Boletinus merulioides Schw. #169 
Boletus cyanescens Bull. 2165 
Boletus indecisus Peck 3168 
Boletus luridus Schaeffer 2166 
Clitocybe illudens Schw. #175 
Clitocybe monodelpha Schw. 3137 
ollybia radicata Relh. #177 
‘ollybia velutipes Curt. 2100 
oprinus atramentarius (Bull.) Fr. #12] 
‘oprinus comatus Fr. #94 
oprinus radians (Desm.) Fr. #91 


‘ortinarius armillatus (Alb. & Schw.) F1 
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Cortinarius sp. +179 

( repidotus latifolius Peck #180 
Crucibulum vulgare Tul. #170 

Favolus canadensis Kl. #159 
Ganoderma applanatum (Pers, ex Fr.) P: 
Hypholoma incertum Peck #181 
Hypholoma perplexum Peck 397 
Lepiota morgani Peck #126 
Lycoperdon gemmatum Batsch #171 
Uycena leaniana Berl +182 

Omphalia chrysophylla Fr. 2183 

Panus rudis Fr. 2120 

Pholiota acericola Peck #185 

Pholiota praecox Pers. 3186 

Pluteus cervinus Schaett #184 

Polyporus lucidus (Leys.) Fr. 3160 
Polyporus pennsylvanicus Sumstine #162 
Polyporus tsugae (Murr.) Overh. #134 
Russula variata Bani #1885 

Tremella sp. #155 


Tricholoma albobrunneum (Pers. ex Fr.) Ouél 


Except for the maintenance of stock cultures, the medium 


all experiments was the chemically defined liquid medium « 


by Allen (1952), which is standard for metabolism experiment 
laboratory The initial pH of the medium (after autoclaving 
pounds pressure for 30 minutes) varied from 6.2 to 6.5. Prior to inocula 


| 


tion, the initial pH was determined by means of a line-operated Beckman 


glass electrode, total glucose by the method of Stiles, Peterson and Fre« 
(1926), and initial titratable acidity was determined by diluting a 5 
sample to 100 ml with distilled water and titrating with 

NaOH. 


Medium was dispensed in 250 ml portions in 500 ml Erlenn 


flasks which were then cotton-stoppered and autoclaved, and then eacl 
flask was inoculated with a small (ca. 5 mm diameter) bit of my 

from an agar slant culture Each flask was then fitted with : 

tion set-up as shown in Fic, | rhe aeration set-up wa 
that the air which was introduced into the flask did not 

through the medium but entered close to the liquid surface 

primarily to sweep out the gaseous contents of the culture flask throug! 


the series of tubes shown The air entering the culture flask w fir 
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freed of carbon dioxide by passage through a 50 percent KOH solutior 
followed by passage through a soda lime tower and was then freed of 
any possible contaminating organisms by passage through a sterile cotton 


filter. The exit tube from the culture flask passed into a series of 


25 x 200 mm test tubes, the first of which served as a trap, the secor 


third of which each contained 25 ml 1.000 normal NaOH, ar 


fourth of which contained soda lime, which prevented the back « 
of carbon dioxide from the atmosphere into the standard hydrox 
tion \ir was passed slowly but continuously through the 
throughout the entire incubation period 

With the exception of X ylaria pol mort ha, Pholiota 
Boletinus merulioides ( Nos 4, 185 and 169) the differe 


were used in only one experiment Both Bulgaria rufa and 


CO,-FREE , 


AIR 
STERILE FILTER 


CULTURE FLASK TRAP NsOH NaOH 
culturing 


hybrida are listed twice, but with these 
rather than duplicate experiments are involy 

\ll experiments were conducted at room t 
from 28 to 31° C. Cultures were incubated until good 
was obvious, the incubation time for the majority being 
60 days. At the end of the incubation period aeration 
the culture flasks and sodium hydroxide tubes were 
following final analyses were mace 

Total volume Since all experiment 
and a continuous stream of air had passed throug 
throughout the incubation period, some reduction in 
occurred Hence, upon removal from the sy 
medium was measured and then made up to 


CO,-free distilled water prior to taking samples for other 
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Final glucose concentration \ 
Balling hydrometer in order to determine 
centration Final glucose was then measures 
Peterson and Fred method 
Final pH inal 
’ 


iss electrode 


Final titratable 
diluted to 100 ml with distille 
NaQH his measurement as well as pH measuremet 
order to gain some insight as which s were str 
Uycelium weight n \ al pad in each flask was fi 
a numbered, weighed filter papet in a vacuum 
] 


followed by storage in a desiccator ove ‘ for several 


weighed The work of Raistrick an 1 Allen hay 
+t 


lat the carbon content of fungus mys 

tudies the carbon contents of all mycelia were cal 

if the dry we ight as suygee sted by Ward et al. (1938 
Re spirator carbon dioxide Lhe 

determined by titration of the content the two NaOH tube 

normal HC! after precipitation of the carbonate with BaCl 

of Raistrick and his colleagues and also in the worl 


was dissolved in the culture medium was estimated 


Slyke blood gas apparatus ; however, such analyses were 1 made 


present instance, since the values reported by these previous worker 


quite low, and while they would be significant in the preparation of 


complete carbon balance a little importance in our screening 


work 
were made, sugar utilized 


lculating the difference between initial and final 


mined by ca 
weight of sugar utilized was then calculated to it 
carbon le mversions were made witl 
ind respired CO that all values reported are 
The percentage of carbon utilized 

issimilation products of the mycelium and respiratory 
culated ; the smaller this percentag he greater the 
which was converted to other abolic product 


potentiality of the organism as ; iosvnthe 
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lasLe | 


OF GLUCOSI \ 10) ASSIMILATION AN »§ DIOXIDI 


0.020 0.1848 0.0504 


190 ~Verpa conica 688 0.040 


143° Omphalia 0.965 0.0255 0.0484 0.0132 
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Myco.oa! 


vident that the simple methods scribed earlier provide a good 
to the biosynthetic potentialities of fungi at least to the extent tha 
give some idea of the quantities of metabolic ult (other than 
lium constituents and 


‘ 1: - } j . 
carbon dioxid which ma xpected trom 


tain fungi \lthough these methods are simple ones, it was thought 
perhaps economic coefficients mig prov al ven more ea 
mined inde» For that reasor iomic coefficients (gms « 
utilized during the formation of 1 gm of mycelium) were calculated 


columns four and s ABLI sult 


presented in Fic. 2 where they are compared 


carbon recovered as myceliutn and carbor 

is obvious that in general those fungi 

of the sugar carbon to mycelium 

economic coefficients, whereas those 

much smaller economic coefficient 

only of the test organisms as a group 

quantitative biosynthetic potentialitie 

amount of CQO, evolved is measured ane 

In pomt is provided by a comparisor 

Omphalha chrysophylla (#183 ) Both of the 

10 percent of the carbon of the sugar utilized t 

and hence both lungi appear to be ot equal promise (at least on 
quantitative basis) in a search for large amounts 
Calculation of their economic coefficients reveal 

KC. of 43 while that of O. chrysophylla is only 18.9 

the latter species is more efficient in the conversion of 

tissue carbon. If economic coefficients alone were considere« 
would probably be judged the species most promising for 
vestigation of large quantities of metabolic products, whereas actua 
pecies are apparently nearly equal in this respect 
hetween economic coefficient value and percentage of ¢: 


| 


other metabolic products is easily explained if CO,/ my 


calculated: V’, conica formed 4.62 gm of CO, pe 
O. chrysophylla formed only 0.95 gm 
leid production.—While no attempt to determin 


various metabolic products was made during the course 


initial and final pH readings and initial and final titratabl 


routinely made, and the values obtained provide some 
or not a considerable portion of the metabolic product 


stated that th vanisimn tested 


ot in the se 





fungi studied, only 


l or more 
formation occurred in 


ich a total of 2.08 ml of normal 


is quantity represents only 491 mg of whicl 


course of the 50-day incubation period 


mg of « irbon . oo } my of carbon rep 
sion of sugar®r < irbon to ac vant! metab li 


whicl rormes ‘ Im yreate 


re gy acid tormats 


PRODUCTION 


( iden 
\ bolymor phe 
Cortinariu 


lulip 
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other than carbon dioxide and mycelium constituents was diy 

number of days of incubation, thus yielding average daily carbon con 

version values which could be compared directly The values so obtained 

(average my of substrate carbon converted per day to compounds other 

than CQ, and assimilation compounds) varied over a wide range The 

lowest value was 0.18 mg/day for Bulgaria inquinans (3141), whicl 

was listed last in Taste I and hence appears to have the least 

tialities whether judged on a percentage basis or on the basis 

quantities of substrate carbon converted. The highest value 

mg/day for Pesiza badia (#151) which was rated seventh 

in TABLE | The fifteen fungi which converted the preatest a\ 
faBLe III 


\VERAGE DAILY CONVERSION OF SUBSTRATE CARBON TO METABOLIC "RODUCTS 
OTHER THEN MYCELIUM COMPOUNDS AND CARBON DIOXIDI 


pec 


Peziza badia 
Vorchella hybrida 
cre pidotu latifoliu 
Yylaria polymorpha 
¥ ylaria polymorpha 
Coprinus radian 
Cortinarius armiullatu 
Collybhia veluti pe 
Russula variata 
Cortinarius sp 
Vorchella crassipe 

Ve rpa conica 

Lepiota morgani 
Clitocybe monodel pha 
id, ita venosa 


quantities of substrate carbon to other metabolic products are 
TABLE III, in order of decreasing amounts of carbon converted to 


4 


metabolic products 


DISCUSSION 


\s might be expected in any series of screening tests in \ 
particular property or capacity 1s measured for each individual species 
of a large group of organisms, considerable differences were manifest in 
the relative percentages of utilized substrate carbon which were converted 
to assimilation carbon and carbon dioxide carbon. Of the species ex 
amined, Verpa conica and Omphalia chrysophylla apparently have the 
capacity to convert the greatest percentages of substrate carbon to meta 


bolic products other than carbon dioxide and the myriad relatively in 


soluble compounds (assimilation compounds) of which living myceliun 





HIGHER 


Is con posed ce y I bot} or these speci . 
utilized was recovered as mycelium 
! nino VW) t < ’ },] , ‘ | 
remaining percent was unquestionably converted 


iwht concelva 


or compounds, some or al ~ which n 
academic or economic importance From the st 

centages of metabolic products both of these species sy . then 
proportions sufficiently large to make their isolation ; identificati 
relatively easy as compared perhap with Bul 


in which species 93 percent of the carbor 
covered as mycelium and carbon dio: 
particular instance only 9.6 mg 
ot other metaboli products 

the data presented in Taste II] 
some caution should be exercised 11 attempting to evi ate quantitat 
the metabolic potentialities of a fungus on the basis of percentage 
sion alone Thus, for a more accurate evaluation, percentage 
sion should not form the sole basis for judgment 


substrate carbon converted should also be taken into 


nection with this particular discussion, one further point 


lhus far in this work the principal emphasis has been 
quantities of metabolic compounds synthesized 
been paid to the nature of these compounds 
ucts 1s undoubtedly of very considerable 
instances quality a metabolic product 
quantity and hen 
The general pict whicl 
is that for studies concerning fungus metaboli 
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(1.¢c. those Ascomycetes and Basidiomycete 


fleshy sporocarps ) ex! { ather tave 


experiments reported here 


hoxide, 


further 


t 
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should rece 


men 
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althoug] ny > experiment 
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1) on the be of percentag 
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rourteet! spec 
1.71 
veTave Call\ 


and 


instances W luplica runs nm wit! 
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1 | 
pec \ \ ie replicated erimen 


Pholiota ace) ad and Boletin { merulioide 


re pectivel With re 
cor verted te carbon recovered as 


iwreement was obtained between duplicate 


polymorpha (44 percent in both in 
] | ] 


between results obtained fron duplicate r 
11 


(19 and 25 percent recoveries), and lea 
the results of d ‘ “periments 


percent recovers close agreen 
(wo pec coul ] | | interpret 


ariability olates: howevet is more 


fact that duplicate 


the discrepanicn can be attributed to the 


vere run at different times, and slightly different conditi 


ture and degree of aeration may have prevailed Both Mor 


ind Bulgaria rufa are also 


listed twice 11 


different strains the same spect 


vith the same fungi are involve 


VW. hvbrida +//9 converted 67 


cioxide and mycelium while 


materials Smaller differen percent ) 


(#42 and #//42) differ 


trains ot B. ruta 


attributed to possible difference 


physiological ditferences betwee1 
to be the rule rather than the « 
lifferences are due primarily to inherent difference 


OmMmparisol oft the ranve ot ect 
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are highly aerobic or 
ogical to ¢ pect that among the ir produ 
idation a the organ 
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fungi studied 
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fundamental wavs 
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trom the t 
reneral oce urrence 
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thove finding serves to point out the 
yveneralizations concerning the physi 
upor tucdies of 


me particular group 
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THE PRESERVATION OF DERMATOPHYTES 
AT SUB-FREEZING TEMPERATURES 


Mt 


In most laboratories stock culture collections of dermatophyte 
Sabouraud’s dextrose agar slants are stored at room temperature 
ina refrigerator at 5° C to 10° (¢ To insure viability, subcul 


he prepared every few month Dermatophytes are particularly subject 


to pleomorphism, degeneration or mutation (whichever one may choos« 


to call it) usually assuming a vegetative character evidenced by white, 


Huffy, non-sporulating aerial mycelia. Such alterations are most likely 


to occur after prolonged cultivation and frequent transfers. Some, such 
as Microsporum cams, i:pidermophyton floccosum, Microsporum gyf 
eum and Trichophyton mentagrophytes become pleomorphic atter rela 

tively tew subculture 

Sabouraud (11) was aware of these changes and suggt 
of “conservation” medium to maintain stock collections 
been discontinued, since experience over the years has show 
not control pleomorphism to an appreciable degree 

Lyophilization has been used to preserve some fungi but in out 
experience, and also that of \jello, (;srant and Gutzke (1), dermato 
phytes as a rule do not survive this treatment \jello and a 
(1) recommended storage ot pathogeni tung! undet mineral oil 
found this did not prevent pleomorphic changes 1n all dermatophytes 

\s early as 1918, Barthel (4) suggested the use of sterile soil 
preserve yeasts. Thom and Raper (12) cited several papers in 
\spergilli, Penicillia and other saprophytic fungi were maintained 
this medium Ciferri and Redaelli (5) stored three species of dermato 
phytes on soil for three years and observed little pleomorphic change 
in transplant Bakerspigel in 1953 (2) and in 1954 (3), after com 
] 


paring loam, clay, peat, sand, sawdust and kieselguhr for the torage 


1 


of a variety of pathogenic and saprophytic fungi, found loam to be the 


most satisfactory Included were 7 species of dermatophyt 
which remained viable for one year and 3 for as long as tw 
Subcultures of these prepared from seeded loam were in thet 
primary state while controls maintained on Sabouraud’s 


he cane pleomorphic 





Phey pointed 


Urpose 
» overcon 
investigate 
mportant to have viable stra } typical 
important th iit urvive fof 
Consequently such ; udy was undertake 
tor the past tw 

It is the pur ape! sent 
vhich involved tl rage of dermatophytes at sub-freezing tempera 
tures for various periods of time iowledge. the technique 
thed has not been used 


ibout to he aescril previou 


MATERI 


Typical cultures of dermatophytes grown on Sabouri 


vere obtained for this stud Proom and Henmmon 


rated the effect of freezing on the viability of various ba 
nd demonstrated the best survival rates occurred when 
pended in protective colloids as papain digest broth, 

\Wve selected, theretore, human blood plasma and 


1 


vending vehicles for the dermatophytes under investigation 


We found it convenient to use sterile, cotton-stoppered 


nches long and one-half inch in diameter for this wor 


‘ 
| 


from each culture were removed with a sterile, hooked 
ferred to tubes containing 1.5 ml of sterile | 
sterile litmus mil Th " tored at 
C and tor varying period 
needed, frozen preparatior 
transferred to a Sabouraud’ 


Subseque ntly eac 


determine whetl 





lL welve pec ol dermatophytes with a total of 61 tsolate were 


included in this study (TABLE | Three isolates (Epidermophyton 


floccosum 210, Trichophyton violaceum 517 and Trichophyton tonsuran 


A5/) failed to survive this method of storage \pparently thi 


characteristic of these species since other isolates of the sar 


Vt DED 


ORED 


Periods of 


concentricum 
ferruqmeun 
aceun 


wISuUTUaUNS 


mdicated otherwise, cultu 


Not viable at end of four mont] 


t viable at end ot twelve mot 


survived \ll transplants were identical in gross and microscopic chat 


acteristics to the original cultures with no pleomorphic changes dis 


cernible Surprisingly, the lag growth period was shorter than in the 
controls prepared from stock collections We found that some species 
did not survive the thawing and refreezing treatment and _ therefore 
recommend that thawed cultures be discarded and tresh preparations 
made tor storage purposes 
DISCUSSION 
\s mentioned previously, the preservation of a limited number of 


dermatophyte species on soil was demonstrated by Ciferri and Redaelli 
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(5) and Bakerspigel (2, 3) These workers introduced a useful method 


However, as pointed out by Zeidberg (13), soils are very comple 


tures of varying composition and these biologica complex su 


are difficult to standardize 


I i 


We think the method of preservation described in this paper oftet 
certain advantages First in importance, pleomorphism did not occut 


in the dermatophytes when stored either ; ie 


tures of de rmatopl ytes which ordinarily 


temperatures of 5° C to 10° C, did ain 
The suspending menstrua, sterile human plasm: 


equipment required are readily 


routine 1s simple and rapid 


\ table cultures or dermatop!| Tree trom pleomorpl 1¢ 


were maintained as long as ti ars by suspending the 


the protective Nloids, human blood plasma or litmu milk, and storin 


at either 22 ; Che routine 1 imple, 


convenient arn 


expedient Phi net] torage relieves the mycologist of the 


laborious tas 1 the periodic transfer of stock collection 
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ASCOCARPS OF ASPERGILLUS AND 
PENICILLIUM 


The indu al and commercial importance ot 


culium has stimulated extensive study of these form genera \ccording 


to Rape rand Thom (1949 . more than 700 species have been describe 


as penicillia alone The emphasis in current literature 1s on the conidial 
taves, and the manuals by Raper and Thom (1949 and lbhom and 


Raper (1945) have done much to alleviate the pressing taxonomic need 


regarding those imperfect stage Those species forming ascocarp 


however, must, in accordance with the International Rules of Nomet 


clature. he placed among the \ comyvycetes and a signed to ascomyvycetou 


yenera Phis fact hes been accepted by the majority oft mycologi 


1 


but n practice ha been extremely difficult Decal ot the taxonom« 


confusion and paucity of comparative data on these ascocarpic form 


It is therefore propo ed to examine the comparative morphology of the 


ASC(K arps ol typical pec ol both ] pergu { and PP; niciuiiwew 


as some of the pertinent generic taxonomy 
The yenus natn | pergi { date back to Viicheli (1729 


coined the term because of the similarity between the conidial head 

a holy water sprinkles Link (1809) first used the names Penicilliun 
and keurotiun the former a an lmipertect, and the lattes i a perter 
genus brie (1821) recognized all three genera, and Delbar (1854 
reported the connection of gillus and kurotiun Berkeley (1857 


erected the genus /:meri ) w species /:, va or Berl 


byt Phe inclusion | ) | the pertect 
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on Penicilium prompted some authors to include that genus in thi 
Ascomycetes. Ludwig (1892), for example, discussed Penicillium a 
Eupenicillium crustaceum (1...) Fr. (P. glaucum). The name he used 
seems to be of doubtful application and is considered here as possibly 
Was erected by [Lan 


synonymous with the genus Carpenteli which 
geron (1922) for the perfect stages of penicillia of the 7’. glaucun 


ascomy 


' 
Fe 
I 


angeron also proposed the genus Diplostephanus as at 
genus for species of the Steriqmatocystis (Aspergillus) nidu 
Some five years later Vuillemin (1927) proposed the genu 
for an ascomycetous species considered synonymous by 
(1945) with Asperguilu fischert Wehmet 

Thus it can be seen that some perfect stages of Aspergillus have beet 
called Eurotinm, Emericella, Diplostephanus, and Sartorya. There have 
been other names as well which, because of their evident synonymy 
will not be considered here The perfect stages of Penicillium have 
been assigned to Carpenteles or, perhaps more commonly, to no 
mycetous genus at all 

Comparison of the perfect stages of Aspergillus 
cate that these forms comprise three fairly sharply defined 
series can be correlated with the groupings made by Thom and 
(1945), who used characteristics of the conidial apparatu 
ones, but because of the differences in the development and 
morphology of the mature ascocarps, the three series are here considered 
to be of gener rank (One series 158 composed of those species in 


which the ascocarp wal! l composed ola ingle laver ol large cells: the 
ascocarp is tiny (50-175), yellowish a 


and loosely suspended in a network of hyphae encrusted with 


t some stage of cle velopment, 


vellowish 


or reddish granules, and is initiated by a coiled ascogonium which often 


is fused with an antheridium. The ascospores of this series are lenticu 


lar and typically pulley-shaped, although the turrows are essentia 


absent in a few species Following the species concept of 


Raper (1945), this series would contain the perithecial form 
Aspergillus glaucus group, and is considered here as compri 


genus /eurotium Link 
| 


\ second series is composed of those forms in which the ascocarp 
| | 


wall is made up of several layers of narrow, interwoven hyphal strands 


the ascocarp is larger (up to 500) and seemingly of much more inde 
terminate growth than in the first series, and is initiated by ; 
ascogonium with no evidence of an antheridiut \scospores of th 
series are frilled or banded and colorl his series would include the 


forms classified by Thom and Raper (1945) in their Aspergillus fische 
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eries, and are considered here as comprising the genus 


‘ 1 
Vy ulliemin 
< composed ol those speci itl which the ascocarp 


The third series 
wall is made up of compacted, narrow, 
dark-colored, fairly large {up to 450 pw), and 


thick-walled “hulle” cells, and 1s initiated 


interwoven hyphae several layers 


thick: the ascocarp 1s 


enveloped by large, globose 
without differentiated ascogonia or antheridia This series would in 


= 

u 
a 
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Oo; 


nitials 


gen as arp i 
Eurotium 
imperfect atage- 


Aspergillus) cs 


Sartorya 
(imperfect stage- 
Aspergillus) 


o 
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eS = 
eS 


Emericella 


(imperfect stage- 
Aspergillus) 


= @ 
=) 


' 
Telaromyces oy 
— 


imperfect stage- 
Penicillium) 


0° 


Carpenteles 


S 


(imperfect stage- 
Penicillium) 


Q 8 


Chom and Raper (1945 al the 


clude the perithecial forms treated by 
Aspergillus nidulans group Since the series would include both form 
previously called :mericella Berk. & Br. and Diplostephanus Langeron 
the latter genus is a synonym, and the group is considered here as con 


prising the genus Emericella Berkeley & Broome 
The salient features of the three series which possess an Aspergillu 
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type conidial stage are diagrammatically represented in Fic. 1. The 
three genera are also easily distinguishable as in the following key 


J Ascocarps naked, loosely suspendec 


\scocarp wall one layer thick, composed of las 


Ascocarps invested with either sterile hyphae or 


cretely or in clumps on substrate surface 

everal layers of interwoven hyphae compress 

Il. Ascocarp loosely invested with steril 

ascogomium \scospores 

Ii’. Ascocarp invested with “hull 

tiated \scospores reddish-, 

Comparison of a number of perfect stages of Penicillium was re 
ported by Emmons (1935). His observations were confirmed and 
somewhat extended by Raper and Thom (1949) The present study 
tends to confirm and extend those preceding it 

On the bases of ascocarp structure and development, Emmons (1935 ) 
reported that the perfect stages of Penicillium represented two sharply 
defined lines of development However, he found some overlap of the 
two series with respect to the arrangement of asci within the ascocarps 
and concluded that the information at that time was insufficient “for a 
revision of the genus or the creation of new generic names for the asco 
carpic species.” In the twenty years since that study, little has appeared 
which would support the inclusion of the two series in a single genus 
The studies here reported justify, it is believed, their assignment to 
separate genera 

One series is made up of those forms of which the ascocarp 
consists of interwoven, but not fused, hyphae These forms are of 
indeterminate growth and may increase in size aft some asci and 
spores are mature, The perithecial initials are of variable morphology 
and show different degrees of differentiation of the ascogonia in the 
several species, In addition, there appear to be several points within 
the ascocarp at which the ascogenous hyphae and asci are initiated 
The asci of this series are preponderantly borne in short chains from 
the ascogenous hyphae Che three forms examined in which the asci 
were not borne in chains were found to have crozier formation, which 
is thought to be indicative of the labile nature of the group Chis labile 
nature is also indicated, perhaps, by the fact that in a few species the 
ascospores tend to be frilled rather than spiny, which is the central 
tendency. This series can be equated to the Penicillium luteum series 
of Raper and Thom (1949) and is considered here as comprising a new 
ascomycetous genus 7alaromyces 


The other series is made up of those forms of which the ascocarp 





AMIN ASPERGILLUS AND PENI ILLIUM 


wall is composed of extremely thick walled, “sclerotia-like cells | 
exception is the perfect stage of Penicillium levitum Raper & Fennel 


in which the ascocarp wall is firm, but of more parenchymatou 


fury 
na 


than sclerotioid The ascocarpic initials of this series consist o 


group ot modified cells in the crotch of a tree-like network of | 


1\ phac 


Che ascocarp matures trom the center outwards after having reached 
definitive size in the fashion reported by Emmons (1935 he 


borne singly on short branches of the ascogenous hyphae « 


«lt 
ascl 


kcept in 
or possibly two species in which they are in short chain Phe 


exhibit a range from almost complete absence of any furrow 


presence of a well-defined one The developmental and mature 


phology of the ascocarps seem to separate this series sharply fre 
species assigned to Talaromyces, notwithstanding the aberrance 


species or two in the arrangement of asci in chain This series in 


cludes the few species which have been assigned by authors to the genu 


Carpenteles \angeron That genus is considered here 


is valid ane 
restricted to this sclerotioid seri 


The salient features of the two series as presented | 


\ nin 


(1935) and supplemented by Raper and Thom (1949) and 


| the present 
study are diagrammatically represented in Fic. | rhe t 


two venera are 


also easily distinguishable as in the following key 


I. Ascocarps soft, of indeterminate 
tightly interwo 
encrusted 
Ascon arp 
tioid 
ally Comte 


Included in the present report are 29 strains re 


| resenting 23 pec 


of the 5 ascomycetous genera. Of these, 14 strains are subcultures of 
type material lhe others are typical strains of forms cribed 
in the literature Inasmuch as the conidial stages of all forms studied 
are adequately treated by Raper and Thom (1949) or Thom and Raper 


(1945), they are not treated here, and the discussions of the ascocarp 
are limited to such observations as are considered new, unstre 
of some phylogenetic significance The observations made are 


either on study of fresh material or paraffin sections, or both 
kurROTIUM Link ex Fri 


Type species: kurotium |i 


Myc. 3: 332. 1829 


Conidial stage j pergilu Micheli ex 
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KUROTIUM REPENS De By. in DeBy. & Wor., Beitr. Morph. u. Phys 
Pilze 3:1. 1870. Fias. 2,9 
The imperfect stage of this species is represented by the form 
described by Thom and Raper (1945) as Aspergillus repens (Cda 
DeBary. The ascocarps were studied from a culture received from the 
Northern Utilization Research Branch of the U.S.D.A. as NRRL 32. 


(/ 


Fics. 2-8. 2. Ascogonium and antheridium of Eurotium repens 1100 
Ascogonium of Eurotium amstelodamt, showing very young and mature stages 
475. 4. Ascocarpic initial of Emericella quadrilmeata. The branch at the left 
is the base of a conidiophore 1100. 5. The relatively undifferentiated ascogonia 
of Talaromyces rotundus, 1100. ¢ \scogonium and almo 
lalaromyces striatu 1100. 7. Young ascu 
myces avellaneus, showing croziet x 


of Carpenteles levitum, 690 


The development of the ascocarp seems to follow the process as 
outlined by Dale (1909) and seems to be fairly typical for the genus 
Plates XXII and XXIII of Dangeard’s (1907) study of :urotium he 
hariorum Wigg. could serve almost equally well for /. repens also 
The ascocarp is initiated by a coiled ascogonium alongside of which 


the antheridium grows and attaches at the apex. ‘These organs are soon 
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invested with a single layer of sterile hyphae which seems to originat 
from the same organ-bearing hypha and grow up around the developing 
ascogonium. These young developing ascocarps are quite distinctive, 
as are the mature ones, with their single-hypha stalks and walls con 
posed of large, irregular cells which are characteristic of the genu 
The asci of E. repens are formed by means of croziers from ascogenou 
hyphae and are scattered throughout the interior of the ascocarp. The 
asci (as well as some internal tissue and even portions of the wall cells 
deliquesce, releasing the ascospores. The ascospores are lenticular, 


smooth-walled, and have little or no evidence of ridges or furrows 


Eurotium carnoyi (Thom & Raper) comb. noy 


Aspergillus carnoyi Thom & Raper, U.S.D.A. Mise. Publ. 426, 
p. 34, 1941. 


Aspergillus carnoyi Thom & Raper is a synonym only with respect 
to the ascocarpic stage. The name is valid for the conidial form Phe 
strain used in the present study was NRRL 126 

The morphology of the mature ascocarp of this species differs from 
that of E. repens in that the sizes of the ascocarp, asci, and ascospore 
are all about a third larger than in £. repens, and thus approximate 
those of E. echinulatum Delacr. which, however, has ascospores that 
are very definitely furrowed and ridged, whereas those of /:. carnoyt are 
not. Conidial, physiological, and cultural differences as described by 
Thom and Raper (1945) would also seem to indicate that the speci 
is distinct. Because of cultural difficulties, the ascocarpic initials were 


not ascertained in this study nor have they previously been described 


EK UROTIUM ECHINULATUM Delacr., Bull. Soc. Myc. France 9: 266, 


? 


XIV, fig. II. 1893. Fic. 13 


The imperfect stage of this species is repre ented by Aspergillu 
brunneus Delact Descriptions of both the ascocarpic and conidial 
stages are given by Thom and Raper (1945) under the name Aspergillu 
echinulatus (Delacr.) Thom & Church Subcultures of their strain, 
NRRL 131, were studied by the present writer with confirmatory result 
The morphology of the mature ascocarp differs little from that of / 


repens and E. carnoyi The ascocarp wall IS COMpo ed ot the same 


type of large polygonal cells arranged in a single layer. The ascocarp 


itself is but slightly larger than that of most other members of the genu 


[he asci and ascospores, on the other hand, are enormous when com 
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pared to species such as a telodanu, a characteristi 


past has led to the practice of grouping the larg 


and the small spored torms together If. whe ll ; } specie s have beet 


tudied dey opmentally, it is still found necessat oO use spore character 

as criteria of infrageneric relationships, perhaps the characteristi 

the spore wall would be more fundamental The spores of the variou 
species seem to form a well-defined series trom the mooth, unfurrowed 
ones ot /:urotium repens and E. carnoyi through the completely roug! 


ened, prominently furrowed and ridged ones of /. amstelodan 


Meiss., Bot. Zeit. 55: 356. 1897 


he imperfect taye ot thi species 1s represented by 
medtiu \leis Botl the perfect and imperfect stages were 


by Meissner (1897) and by Thom and Raper (1945 Strain NRERI 


f 


124, on which the descriptions by Thom and Raper were based, 
“| tor the resent tudy ()bservations were confirmatory at 
| 


] 


not he repeated here 


ROTI 


1OOQY 


he impertect stag } pecies 1s pergul uistelodam 
(Man 


(GWM 6349 representing material isolated from dead stems of a con 


1 
| 


in) Thom & Church The study was made from cultures of 


volvulaceous plant collected ne: Salinas, ecuador lhe perithecial 
initial seemed to arise as ; | branch of a hypha Phi young asco 


gonium soon started t | making about 5—7 turns Phe basal portior 


if the coil seemed much more loose than the apical portion, looking 
omewhat different trom £. repens in that respect \lso, nothing whicl 
could he called an antheridiu Va observed Dale (1909 ) reported 


that in /. repens the antheridium was present only about half the time 
The tenden 1 this genus, then, verhap ard the loss of the 
antheridiun hat is 1 mn oda would represent a 
ally Phi position 

] 


vould seem ipported hat the ascospores are roug] 
over their enti urt: and pronounced furrows and ridges in 
the equatoria res ] and by he paucit or |; | rusted sterile 
lia The small the ascospores would, then, be either a 
manitestatior reduct r evidence of evolution proce 


directions 1n 
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SARTORYA Vuillemin, Compt. Rend. Acad. Sci. ( Paris) 184: 136. 1927. 


‘J ype species Sartorya fumigata \ will., ¢ ompt Rend. Acad. Sci 
(Paris) 184: 136. 1927 
Conidial stage: Aspergillus Micheli ex Fries 


SARTORYA FUMIGATA Vuill., Compt. Rend. Acad. Sci. (Paris) 184: 
136. 1927. Fic. 10 


The imperfect stage of this species is Aspergillus fumigatus Fres. 
Descriptions of both the conidial and perithecial forms are included by 
Thom and Raper (1945) under the name Aspergillus fischeri Wehmer 
Subcultures of their strain (NRRL 181) were used for the present 
tudy. The development of the perithecium had been described earlier 
by Olive (1944). 

The perithecial initials are readily observable in young cultures as 
upright branches with curled tips. This “curling” is distinguished from 
“coiling” in that the former is essentially in the same plane as the un 
coiled portion of the organ rather than at right angles to it, as is more 
nearly the case of the latter type which seems more characteristic of the 
genus /urotium. ‘The ascocarps are considerably larger than those 
found in species of /Eurotium and are of much more indeterminate 
growth. The ascocarp wall 1s composed of interwoven hyphal strands, 
more or less compressed, and of 2-3 layers even in mature specimens. 
The asci do not seem to differ materially from those of Eurotium, and 
as in that genus are formed from ascogenous hyphae by croziers. The 
spores are frilled rather than furrowed 

\lthough S. fumigata was the only species observed, this genus 
probably includes other forms on the basis of described perithecial char 
acteristics. The forms described by Yuill (1953) as Aspergillus quadri 
cinctus, by Lindt (1889) as A. malignus, and by Fennell and Raper 
(1955) as A. aureolus would certainly be included, and perhaps even 
those forms described by Raper et al. (1953) as A. citrisporus von 
Hohn, emend. and as A. ornatus, although the nature of the ascocarp 


wall would seem to exclude them 


ke MERICELLA Berk. & Br., in Berk., Introd. Crypt. Bot. 340. 1857 


Type species: Emericella variecolor Berk. & Br., in Berk., Introd 
Crypt. Bot. 340. 1857. 
Conidial stage: Aspergillus Micheli ex Fries (or, more narrowly, 


Steriqmatocystis Cramer ) 
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I. MERICELLA VARIECOLOR Berk , in Berk., Introd. Crypt 


340, fig. 76. 1857. Fics 


The imperfect stage is represented by the form described by Thor 
and Raper (1945) as Aspergillus variecolor (Berk. & Br.) Thom & 
Raper. Three cultures were used for the present study: NRRL 2/2 
representing £. variecolor var. variecolor; GWM 6273 and GWM 636é 

1 


both representing E. variecolor var. astellata (Fennell and Raper 


comb. nov. The latter variety differs from the type primarily in asca 


and spore characteristics 


The ascocarp seems to originate from a loosely looped coil of hyphac 


' 


similar to those which give rise to the conidiophores. On a weak oa 
medium the ascocarp is commonly formed at the base of a conidhio 
phore. The hyphal system at this area seems to branch rather pro 
fusely, forming a clump of rather wide hyphae. Some of these branch 
anastomose ; others form intercalary or terminal swellings which enlarge 
and eventually form the “hulle” cell covering of the ascocarp. The early 
formation of these “hulle” cells obscures the early ce velopment ot the 
ascocarp. Sections of the very young ascocarp indicate that the wall i 
composed of the wide, intertwined hyphae making up 2-3 layers It 
somewhat older sections the wide hyphae are less evident and are sur 
rounded by as many as 6-8 layers of narrow hyphae on which are borne 
the “hulle” cells At this stage of development there is still litth 
evidence of differentiation within the ascocarp Sections of older asco 
carps show no evidence of the wide hyphae, the wall seemingly being 
composed of 3-6 layers of the “hulle’’-cell-bearing hyphae These layers 
are somewhat compressed at maturity. The young asci in /. variecolo 
var. astellata seem unique in having a number of lobes. These lob« 

are not as evident in the mature asci, The ascospores are very widel 


frilled, and portions of the frills often extend into the lobes of the asci 


EMERICELLA NIDULANS (Eidam) Vuill., Compt. Rend. Acad 


(Paris) 184: 137. 1927. Fie. 11 


Sterigmatocystis nidulans EKidam, Cohn’s Beitr. Biol. Pflanzen 3 


392. 1883 


The imperfect stage of this species ts the form described by Thor 
and Raper (1945) as Aspergillus nidulans (Kidam) Wint. The speci 
is represented in the present study by NRRL 187; GWM 5502, is 
545/)2 


from rabbit dung, Horsley, Surrey, I-ngland; and GWM 


from cactus, Caliente, Nevada 
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The development of this species would appear to be similar to that 
of E, variecolor. The supporting hyphae and “hiille” cells, however, 
do not form any stalk or pseudostalk as in the case of FE. variecolor 
Hille cells seem less abundant than in that species, also There has 
been in the past some confusion with respect to the thickness of the 
ascocarp wall in E. nidulans Kidam (1883) described his form a 
having a fairly thick, firm wall. Thom and Raper (1945) have stated 
that the ascocarp wall of their strain was but one cell layer thicl Ire 
sults of the present study, based on subcultures of the same strain used 
by Thom and Raper, clearly indicate that the wall is composed of several 
layers of cells except in the case of overmaturity, at which time the 
dissolution of the inner portion of the wall sometimes leaves at least 
portions of the wall as thin as one layer of cells \s a matter of fact, 
in all four species of Emericella included in this paper the ascocarp wall 
was made up of several layers of interwoven hyphae. As the ascocarps 
ripen, however, these hyphae become more compressed and in section 
of overmature ascocarps, especially in the case of /:. rugulosa, may be 


only one layer thick 


Emericella quadrilineata (Thom & Raper) comb. nov. Fic 


> 


Aspergillus quadrilineatus Thom & Raper, Mycologia 31: 660. 1939 


Aspergillus quadrilineatus Thom & Raper is a synonym only as 
regards the ascocarpic form. The name is valid for the conidial stage 
The present study was based on the strain GWM 64/7, which wa 
found to differ little from the description as presented by Thom and 
Raper, except that the ascocarp wall was of several layers of interwoven 


hyphae somewhat compressed. ‘The ascocarps appeared to be initiated 


by loops of relatively wide hyphae at the bases of conidiophores much 


as described under F£:. variecolo Increase in size seemed to be by 
intercalary growth of wall hyphae. The number of “hulle” cells seemed 


relatively small. 


Emericella rugulosa (Thom & Raper) comb. nov. Fic 


Aspergillus rugulosus Thom & Raper is a synonym with respect to 
the ascocarpic form, but the name is valid for the conidial stage. Both 
stages are described by them in Mycologia 31: 661. 1939 

The strain used in the present study was GWM 64/2. “Hulle” cells 
are considerably more abundant in this species than in £. quadrilineata 


and the ascocarps are often clumped in habit, The ascocarp matures 
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somewhat more slowly than in some species ; consequently, crozier for 


mation is readily demonstrable and ascal morphology easily observed 


The ascocarps of an individual clump are usually in different stages of 
development so that one can often see several stages in a singk paraffin 
section 

The genus Emericella seems quite distinct on the basis of the stru 
ture of the mature ascocarp, the occurrence of “hulle” cells, the develop 
ment of the ascocarp, and the frilled nature of the spores It would 
seem that some support would be given to the maintenance of the im 
perfect genus Sterigmatocystis Cramer also, inasmuch as the pertect 
stages are so distinctly separated from Eurotinm and Sartorya, the pet 


fect stages of the “single-ranked-sterigmate” Aspergilli 


Talaromyces gen. noy 


Peritheciis minuti 
rumque sulfureis, laxe textis; ascis aut 
octosporis, cito diffluentibus ; ascospori 
generi Pemeillio Link ex Fries ascribenda 


ktym rahapos basket th puKn 


Perithecia small ( 100-500 »), globose to subglobose, uperhe ial, non 


ostiolate, mostly yellow, discrete but with a tendency toward confluence 


in some species, of indeterminate growth; perithecial wall composed of 


interwoven hyphae, consistency various, from very loose texture to more 
or less compressed ; ascocarpic initials various; asci numerous, ovate to 
globose, predominantly borne in short chains, more rarely singly and 
then formed by croziers, irregularly disposed throughout the ascoc; 

and deliquescing at maturity; ascospores mostly spiny, more rarel 
smooth or girdled, continuous, hyaline or nearly so; conidial stage 


Penicllium Link ex Fries 


Type species: Talaromyces vermiculatus ( Dang 


Talaromyces luteus (Zukal) comb. nov. Fic. 17 


Penicillium luteum Zukal (Sitz.-Ber. Akad. Wien 98: 56] 
is a synonym with respect to the ascocarpic form, but the nam 
for the conidial stage. The strain used in the present study wa 
2235. The description of the ascocarpic stage is discussed by Raper an 
Thom and by lemmons (1935 under the impertect stave nani Pen 
culium luteum 

T'alaromyces luteus appears to be one of the simpler member 


genus. Developmentally and anatomically it appears to be almo 
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closely related to the genus Arachniotus of the Gymnoascaceae as to 
some of the other members of Talaromyces. Placement of the species 


in Arachniotus, however, would necessitate removal of other species, 
to which it is obviously closely related, 
As a matter of 


such as 7Jalarom yces Striatus, 
to that genus also. This would seem unwarranted. 
fact, the whole genus Talaromyces would seem to be composed of a 
series of forms intermediate between the lower members of the Gymno 
ascaceae and the Eurotiaceae. Inclusion of Talaromyces in the Eurotia 
ceae would indicate that the two families were derived from ancestors at 
about the same level of development. Or to state it somewhat differ 
ently, it would, in accordance with the modern taxonomic viewpoint, 


afford some phylogenetic depth to the family Eurotiaceae 


Talaromyces avellaneus (Thom & Turesson) comb. nov. Fic. 7 


Penicillium avellaneum Thom & Turesson (Mycologia 7: 284 


1915.) is a synonym with respect to the ascocarpic form, but the name 


is valid for the conidial stage. Both the ascocarpic and conidial stages 
are described by Raper and Thom (1949). Subcultures of NRRL 1934 


representing the type strain, were used in the present study 


The ascocarpic initials of this strain appeared to be relatively undit 
ferentiated, much as described by Emmons (1935) for 7. wortmannii 
The mature ascocarp also is quite simple, consisting of a mass of fertile 
tissue surrounded by hyphae undifferentiated into any definite peridium 
or wall. When grown on Czapek’s agar the wall is indistinguishable 
from the sterile mass of colony hyphae. The asci are quite large, some 
times reaching a length of 20», are formed singly from the penultimate 
cells of crozier formations of the ascogenous hyphae, are relatively thick 
walled, and contain eight large ascospores. 7. avellaneus would seem 
to be more closely related to 7. /uteus than perhaps to any other species 
of the genus because of the texture of the ascocarp wall and the forma 


tion of croziers. 
Talaromyces striatus (Kaper & Fennell) comb. noy. Fics. 6, 20 
Penicillium striatum Raper & Fennell (Mycologia 40: 521. 1948 
is a synonym with respect to the ascocarpic form, but the name is valid 
for the conidial stage. Both stages were described by the authors 
Subcultures of the type strain NRRL 717 were used for the present study 
The ascocarp appears to be initiated by an ascogonial coil. No 
structure was observed which could have been considered an antheridium, 


but further developmental study will be necessary before any positive 
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statement can be mad regarding its absence Che mature ascocarp 
wall is composed of the interwoven hyphae characteristic of the genus 
and seemed somewhat more differentiated than in 7. wortmanni, 7 
luteus and 7. avellaneus. The asci are not formed in chains such as 
are found in the majority of the species of the genus, nor do they aris 
as lateral or terminal branches of the ascogenous hyphae after the fashion 
of Carpenteles. Rather they are formed from the penultimate cells of 
croziers after the fashion of 7. luteus and T. avellaneus. However, the 
ascogenous hyphae become emptied of cytoplasm and collapse, so that 
crozier formation is difficult to demonstrate except in young ascocarps 
The species is thought to be most closely related to T. luteus and 7 
avellaneus, the three forms making up a series somewhat divergent fron 
the other species of the genus 


| 


Talaromyces wortmannii (Klocker) comb. noy. Fic. 16 


Penicillium wortmannt Klocker (Compt. Rend. Lab. Carlsberg 6 
100. 1903.) is a synonym with respect to the ascocarpic form, but the 
name is valid for the conidial stage. Descriptions of both ascocarpi 
and conidial Stages are given by Raper and Thom (1949), and the 
development of the ascocarp was observed by Emmons (1935 Sub 
cultures of NRRL /0177 were used in this study The species appears 
to be the most simple of those forms in which the asci are borne in chains 
and apparently are not formed by croziers, differing in this respect from 


the preceding species of the genus 


Talaromyces spiculisporus (lehman) comb. noy 


Penicillium spiculisporum Lehman (Mycologia 12: 268. 1920.) i 
a synonym with respect to the ascocarpic form, but the name ts valid 
for the conidial Stage Good descriptions of both Stages are given by 
Raper and Thom (1949). The development of the ascocarp was de 
scribed by Emmons (1935) and need not be repeated here. The strain 


NRRL 1026 was used in the present study 


Talaromyces rotundus (Raper & Fennell) comb. nov 


Penicillium rotundum Raper & Fennell (Mycologia 40: 518. 1948 


is a synonym with respect to the ascocarpic form, but the name is valid 


for the conidial stage. Subcultures of the authors’ type strain, NRRL 


107, were used in the present study, which confirmed their observa 


tions on the ascocarp and its initiation. The perithecial initials are 
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very similar to those found in 7. wortmannii, so well described by 


Emmons (1935). 


Talaromyces bacillosporus (Swift) comb. nov. 


Penicillium bacillosporum Swift (Bull. Torrey Bot. Club 59: 221. 


1932.) is a synonym with respect to the ascocarpic form, but the name 
is valid for the conidial stage. Both ascocarpic and conidial stages are 
included in the description by Raper and Thom (1949). The strain 
used by them, NRRL 1025 representing type material, was used for 
the present study, which confirmed only their observations on the mature 
ascocarp since no developmental study is included here. The wall of 
the mature ascocarp, although made up of interwoven hyphae as in the 
other species of the genus, was somewhat more compact than in species 
such as 7. wortmannu and 7. luteus. It would seem that the level of 
development of T. bacillosporus is about that of 7. striatus with respect 


to wall structure. 


Talaromyces vermiculatus ( Dang.) comb. nov. 


Penicillium vermiculatum Dangeard (Le Botaniste 10: 123. 1927.) 
is a synonym with respect to the ascocarpic form, but the name is valid 
for the conidial stage. Raper and Thom (1949), Emmons (1935), and 
Dangeard (1907) have all included discussions of the development and 
morphology of the ascocarp. Two strains were used in the present 
study, NRRL 2098 and SUI 1725, with confirmatory results 
Talaromyces stipitatus (Thom) comb. nov. 

Penicillium stipitatum Thom (Emmons, Mycologia 27: 138. 1935.) 
is a synonym with respect to the ascocarpic form, but the name is valid 
for the conidial stage. The strains used in the present study were 
NRRL 2105 and GWM 6372. The latter was isolated from bark of 
Pinus virginiana collected in Clark Co., Indiana, 1945. Good discus 
sions of the ascocarpic stage are presented both by Emmons (1935) and 
Raper and Thom (1949). under the name P. stipitatum. Discussion 


here would seem redundant. 


Talaromyces helicus (Raper & Fennell) comb. nov 


Penicillium helicum Raper & Fennell (Mycologia 40: 515. 1948.) 


is a synonym with respect to the ascocarpic form, but the name is valid 


for the conidial stage. The ascocarpic stage was included in the original 
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description, which was based on NRRL 2/00, the same strain used in 
the present study. Developmental studies of the species are not included 


in the present study, but observations made on both fresh material and 


paraffin sections tend to confirm the observations reported by Raper and 


Fennell (1948 


CARPENTELES Langeron, Compt. Kend. Soc. Biol. Paris 87: 344. 1922 


‘| ype species : Carpent les asperum Shear, Mycologia 26: 107. 1934 
Conidial stage: Penicillium Link ex Fries 
CARPENTELES JAVANICUM (van Beyma) Shear, Mycologia 26: 10, 
1934. Fie. 21 


he imperfect stage of this species is Penicillium javanicum vai 
Beyma as described by Raper and Thom (1949), who included the 
iscocarpic stage along with the description of the conidial stage. Sub 
cultures of NRRL 70/7, the type strain, were used in the present study 
Discussions of both developmental and mature morphology of the asco 
arps of members of Carpenteles have been presented by Dodge (1933 
Kmmons (1935), and Raper and Thom (1949 It would seem that 
species included in the genus are very closely related both on the basis 
of development and on the basis of the morphology of the mature 
ascot arp 


CARPENTELES ASPERUM Shear, Mycologia 26: 107 934 


The Impertect stage ol this species 15 the torm described by Raper 
and Thom (1949) as Penicillium asperum (Shear ) Subcultures of 


NRRL 715, representing type material, were used in the present study 


> 


C. asperum Shear, whether or not it represents the material studied 


Brefeld (1874) as Penicillium glaucum Lk. which was designated a 
type by Lange ron (1922), is considered the type species ol the genu 
Its development and mature morphology are, as a matter of fact, quit 
representative of the whole series of forms belonging in the genus 


Carpenteles levitum (Raper & Fennell) comb. nov. Fic. 8 


Penicillium levitum Raper & Fennell (Mycologia 40: 511 1948 


? ] 


Is a synonym with re spect to the ascocarpi orm, but the name 1 valid 
for the conidial stage Both stages were described by the authors under 
the imperfect Stage name The prese nt study wa based ot SUL 1724 


a strain isolated from soil collected near Iowa City, lowa, by R 
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As in other members of the genus, in C. levitum the ascocarp is 
initiated by a plexus of cells in the crotch of a “tree-like” network of 
hyphae, as illustrated on p. 55 by Raper and Thom (1949). The nature 
of the mature ascocarp wall deviates somewhat from the sclerotioid type 
so characteristic of the genus, but the arrangement and origin of the 


asci as terminal and lateral buds from the ascogenous hyphae is as 


reported by Emmons (1935) for the preponderance of the species 


The latter character plus the mode of origin of the ascocarp would seem 
to relate the species sufficiently to others to warrant the inclusion of 
C. levitum in this genus. 


SUMMARY 


A morphological study of the ascocarps of 29 strains of Aspergillus 


and Penicillium indicates that these forms comprise five genera of the 
Kurotiaceae. The perfect stages of Aspergillus are included in the 
genera Eurotium, Sartorya, and Emericella. Those of Penicillium are 
included in Carpenteles and Talaromyces, the latter a new genus erected 
for the forms with ascocarpic walls of interwoven hyphae. Species 
which had not previously been assigned to an ascomycetous genus are 


here so assigned. 
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THE HOST SPECIALIZATION OF ERYSIPHE 
CICHORACEARUM FROM ZINNIA, PHLOX 
AND CUCURBITS' 


Joun A. Scumairt, Jr 


Erysiphe cichoracearum DC. ex Mérat, one of the more ubiquitous 
powdery mildews, has been widely used in inoculation experiments to 
determine host range. The literature on the earlier inoculation experi 
ments with this mildew is reviewed by Blumer (1933). From the earlier 
experiments it was concluded by mycologists in general that this mildew 
exhibited a strong specialization, at least at the family level. Blumer 
strongly emphasized host specialization in his species concept and thus 
was able to separate ten species from Erysiphe cichoracearum in the 
broad sense. For many of these species he claimed correlated morpho 
logical differences sufficient for specific recognition. 

Hammarlund (1945) described Lrysiphe polyphaga, differing mor 
phologically from FE. cichoracearum by its 4-spored, as well as 2- and 
3-spored asci. The principal diagnostic feature for E. polyphaga, how 
ever, was its host specialization. Hammarlund reported successful cross 
inoculations of his mildew from Cucumis sativus to 62 of 99 species in 
the Crassulaceae, Scrophulariaceae, Primulaceae, Saxifragaceae, Bego 
niaceae, Solanaceae, Cucurbitaceae, Labiatae, Compositae, Verbenaceae 
and Euphorbiaceae. Blumer (1950, 1952), using a cucurbit mildew he 
considered to be E.. polyphaga, reported successful infection on members 
of the Crassulaceae, Scrophulariaceae, Labiatae, Ericaceae, Vitaceae, 
Boraginaceae, Gesneriaceae and Compositae. Thus, there was demon 
strated a wide host range for a mildew difficult to distinguish morpho 


logically from Erysiphe cichoracearum 


The present study was initiated to investigate the host specialization 


of accessions of Erysiphe cicroracearum DC, ex Mérat from zinnia 
(Zinnia elegans), sunflower (Helianthus annuus) and Inula helenium 
of the Compositae ; from perennial cultivated phlox (Phlox paniculata 
P. maculata, or their hybrids) of the Polemoniaceae; from squash 
(Cucurbita pepo) of the Cucurbitaceae; and Cerinthe major of the 
Boraginaceae 

1 This represents a portion of the research presented in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy at the University of 


Michigan. 
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MATERIALS AND METHODS 


The original cultures of the mildew on zinnia, sunflower, phlox and 


of Ann Arbor, 


squash were obtained from the field in the vicinity 
Michigan, while those on /nula helenium and Cerinthe major developed 
as a result of infection following inoculations from one of the field-grown 


mildews. Later, an additional accession of the mildew on /nula and 


Cerinthe was obtained from the field. Each original accession was sub 


cultured at least three times to purify the mildew before being used a 


an inoculum source. 
The majority of the inoculations utilized a technique of dusting 
conidia from the inoculum source onto the leaves of the experimental 


plants, after first spraying the plants with distilled water. This tech 


nique proved as successful as that of atomizing a conidial suspension onto 
the leaves of the plants 
Plants of the species to be inoculated were grown from seeds Seed 


lings were inoculated usually at the two- and four-leaf stage, although 


a more mature plant was inoculated to check for possible 


occasionally 
In each experi 


differences in susceptibility due to the age of the plant 
ment plants of the species from which the conidia were taken were inocu 
lated along with the experimental plants to check the viability of the 


conidia, Controls were run with each experiment 
Inoculated plants were incubated at 60-70° F, and were subjected 
vatt 


to supplementary illumination (during winter months) from a 300 
he 


incandescent bulb to increase day length to about fifteen hour 
additional light tended to produce more vigorous plants, which according 
to Reed (1915) will effect better development of the fungus. No at 
tempt was made to control the relative humidity in the greenhouse room 
since this seems to be of little importance in the development of mildews, 
according to the results of Duvdevani eft al. (1946) for the cucurbit 


mildew 
The inoculation chambers used for the experiment 


scribed by Mains (1924) In each experiment the chambers were fille 


were those de 


j 


with experimental plants in a room other than that in which the ino 


The control chambers were not opened 


lum sources were maintained. 


during the course of the experiments. After inoculation of the expert 


mental plants, the chambers were closed for a 24-48-hour incubatior 


wor circu 


period, at the end of which they were opened partially to allow 


lation of air. Three or four days after inoculation the experimental 
plants were removed from the chambers to the greenhouse benche 
Observations were made usually on the fifth dav after inoculation and 





690 Myco.ocia, Vor. 47, 195: 


were checked on the seventh, eighth or ninth day. The fifth day was 
chosen for the initial observation since previous workers reporting on 
this mildew agree that infection will become evident by the fourth to 
sixth day after inoculation. The second observation was found neces 
sary to determine the correct reaction type. 

The results of the inoculations were graded on the following system 


of reaction types: 


0—no infection evident macroscopically ; 
[sparse mycelial development with few or no conidia produced ; 
[]—abundant mycelial development with no or only a few conidia 
produced ; 
[11—-mycelium and conidia developed abundantly 


Many of the tests with the different species of hosts were repeated sey 
eral times throughout each of the three years during which this investi 
gation was carried out. In each experiment several to many plants of 


the different species were inoculated. 


RESULTS 


Data obtained from the inoculation experiments are presented in 


TABLE | 


\. ResuLts witH ERyYSIPHE CICHORACEARUM FROM ZINNIA ELEGANS 


From Tas_e [| it can be seen that a much more widespread range 
of species susceptible to this mildew occurs in the Compositae than in 
any of the other families. Schmitt (1954) only recently added Zinnia 
pauciflora, Z. verticillata and Salpiglossis sinuata to the list of species 
susceptible to Erysiphe cichoracearum., 

Of particular note is the fact that in the following otherwise sus 
ceptible species resistant plants were found: Xanthium chinense, 3 ot 


12 plants; Mikania scandens, 4 of 22 plants; Lactuca perennis, 4 ot 18 


plants; Crepis foetida, 10 of 32 plants; and Salpiglossis sinuata, l of 


13 plants. 

The mildew from the infections on Xanthium chinense, X. spinosum 
Arctium minus, A. nemorosum, Lactuca perennis, Felicia amelloides, 
Cosmos sp., Zinnia pauciflora and Z. vertv illata was successfully trans 
ferred back to Zinnia elegans. The mildew obtained from Arctium 
minus was also successfully transferred to Helianthus annuus and 


Cerinthe major. 
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RESULTS WIT CICHORACEARUM FROM [> 


Chis mildew was inoculated onto the 22 species show 
Species infected were /nula helenium, Zinnia elegan 
nuus and Cerinthe major, which were also susceptible 


trom Zinnia elegan 


ITH kK. CICHORACEARI ZINTHE MATOR 


The species susceptible to this mildew can | n from TAB 
This mildew was found to have almost the same host range as the 
mildew from Zinnia elegans. The one exception to common suscepti 
bility by both mildews is Lactuca perennis, which was susceptible to the 
zinnia mildew, but on which the mildew from C. major failed to develop 

With this, as with the two previous mildews, there 
bility in the degree of susceptibility of certain hosts 


example, 2 of 12 plants of Helianthus annuus shov 


CICHORACEARUM FROM HEI! 


From the table it can be seen that the susceptible 
sunflower mildew are the same as those infected by the milde\ 
zinnia, with three exceptions. Inoculations of this sunfloy 
onto Hieracium alpinum (20 plants), H. prenanthoides (16 
Carlina acaulis (1 plant) failed to produce infection 


] 


\s mentioned previously, resistant plants were found 
otherwise susceptible to this mildew: /nula helenium, | of & 
Lactuca perennis, 7 of 20 plants 

During the winter of 1951—52 these tests were carried « 
accession obtained after infection of sunflower with conidia of 
mildew \nother accession was obtained from the field 
summer of 1952, which was used for the tests during 1952 
the second accession was tested on Cerinthe major 
The field accession was identified as fy suf he ctich I I per 


thecial characteristi 


RESULTS WIT! CICHORACEARUM FRO 


The mildew from the cultivated perennial ph 


a very narrow specialization. Of the 34 speci 


cichoracearum which were inoculated, infection oc« 


drummondiu and the cultivated perennial phlo In 


mondiu 1 plant of 15 did not become infected by 
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PaABLeE | 


RESULTS OF INOCULATION EXPERIMENTS WITH ERYSIPHE CICHORACEARUM 
FROM VARIOUS SOURCES 


Reaction 


Inula ( erintine Helianthu 


helentum mayor imnuu 


( ompositae 
Zinnia elegan It (3) «Ol 
If (2 If (7 
Z pauciflora d , If (18 
Z. verticillata d It (5 
Prenanthes purpurea 
Sonchus arvensi 
Tanacetum vulgare 
Helianthus annuu 


Irclium minus 

1. nmemorosum 
Taraxacum officinali 
Centaurea cyanu 
ve scabiosa 

", dealbata 


( 
C,. jacea 

C. macrophylla 

C. melitensis 
Yanthium chinense 


Y. strumarium 
Yanthium spinosum 
Vikania scanden 


Cichorium intybu 
Carduus acanthoide 
C. nutan 

Rudbeckia hirta 
Calendula officinali 
Lapsana communi 
Eupatorium cannabinum 
Hieracium alpinum 
H, amplexicaule 

Hl. murorum 

Hf pilosella 

H pre nanthoides 

I. silvaticum 

Inula heleniun 


—— “TOO me a 


Cariina acauh 

Ichillea millefoliun 

Dahlia sp. (annual 

Cirsium vulgare 

«. arvense 

(. canum 

Iriemisia absinthium 11 


The number in parentheses is the number of plants giving the reaction 
The dash indicates that no test was carried out with that combination of host 
and mildew source 
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rasLe | 


Compositae 
1. vulgari 
Lactuca perenn 


mos sp 


Hel chrysum bra 
1 ster alpinu 


corzonera hispan 


Crepts foetida 
Felicia amelloide 
Cucurbitaceae 
Cucurbita pepo (CP 434 Al 
S_5SXX 
Zuccini X White Dis 
Conn. Field Pumpki: 


©. maxima 


C. melano perma 
Echinocystis lobata 
Sicyos angulalu 
Cyclanthera pedata 
Vomordica charanthia 
Citrullus calycanthid 
Bryonta dioica 


Solanaceae 
Hyoscyamu niger 
alpi vlasst inuala 


Vicotiana tabacun 
soraginaceag 
yymphytum officina 
inchusa ttalica 
Cerinthe major 


C. minor 
Cynoglossum 
Plantaginaceas 
Plantago alpine 
i’. coronopu 
/ i inceolata 
maior 
wintago mar 
” edia 
rugelit 
Polemoniaceac 
Phlox sp Cult pere 
P. drummondiui 


Cobaea scanden 
Polemonium van-bruntiac 
P. flavum 

P pauciflorun 


Polemonium carneun 





Mycovoaia, Vor. 47, 


[ABLE |—Continued 
React 


Inula 


heleniun 


Polemoniaceae (Continued) 
Gilia rubra 
Vavarettia squarrosa 
Collomia abrotantfolia 
Labiatae 
leucrium chamaedry 
Prunella vulgari 
Salvia glutinosa 
Stachys palustri 
Ss rophulariac eat 
Intirrhinum maju 
Verbascum nigrum 
V. thapsu 
Violaceac 
Viola sp (cult.) 
Cruciferae 
Cardamine impatien 0 (10) 0) (5) 
Rubiaceae 
Galium aparine 0 (12) 0 (14) 


(1942) has found that both the perennial phlox and P. drummondu vary 


in their reaction to the mildew and has reported resistant selections 


RESI LTs witH E. cu HORACEARUM FROM 


The results of the experiments with the two accessions of the cucurbit 
mildew indicate a restriction to the Cucurbitaceae. TABLE I shows that 
inoculations of this mildew onto species in families other than the C 
bitaceae failed to cause infection. There is, however, a specialization to 
certain genera and species within this host family, since plants of 
Vomordica charanthia and Bryonia dioica were not infected by a 


mildew obtained from Cucumis sativus 


DISCUSSION 


The three forms of Erysiphe cichoracearum sensu Salmon demon 
strated by this study, the zinnia, phlox, and curbit mildews, are distinct 
by virtue of their specialization. The mildews on Zinnia elegans, Inula 
helenium, Helianthus annuus and Cerinthe major are considered to be 
one form because of the similarity in host range, as demonstrated by 


the inoculation experiments herein reported. The phlox mildew has a 


very apparent limited host spectrum. The form on cucurbits is inter 


mediate in specialization between the other two forms. 
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Comparisons of the host specialization for the mildews of the present 
study with previously recognized forms or biologic species present diffi 
culties. While it is desirable that the same species of hosts be used in 
all studies of host specialization it is difficult to obtain seeds of all 
species of hosts used by all investigators. Consequently, the mildews 
have been tested on as many as possible of the species listed by Salmon 
(1900) as hosts for Erysiphe cichoracearum Comparisons of the 
specialization of the zinnia, phlox and cucurbit mildews of the present 
study with that of two special forms of E. cichoracearum sensu Blumet 
(1933) follow. The comparisons are made to determine to which o 


these taxa designated by Blumer the present three forms might belong 


' 


Erysiphe cichoracearum as treated by Blumer (1933) is reported 
on a number of species susceptible to the zinnia mildew orzonera 
hispanica is cited as the only susceptible species for Blumer’s / icho 
racearum f. sp. scorsonerae, which was established by Blumer as 
result of Bouwens’ experiments (1927) In Bouwens’ experiment 
none of the other species used in the present study was inoculated, so ; 
direct comparison is not possible In view of the results on Scorzsonera 
lispanica the zinnia mildew may be the same as the form she studied 
However, studies to test the European mildew on S. /rispanica on the 
other species susceptible to the zinnia mildew are necessary before thi 
can be established definitely 


Blumer established Erysiphe cichoracearum f. sp. euhieracti as 


result of experiments using a mildew from Hieracium murorum (1922b 


It infected 12 other species of the subgenus /:u/ueracium, one of which 
was H. prenanthoides. Hieracium prenanthoides was found to be sus 
ceptible to the zinnia mildew in the present investigation, whereas 
H. murorum and H., silvaticum, which are hosts for f. sp. euhieracii of 
Blumer, were not infected by the zinnia mildew Hieracium prenan 
thoides therefore, is a favorable host for two different forn No othe 


form of Erysiphe cichoracearum sensu Blumer has host 


in common 
with the zinnia mildew. 

Blumer lists as hosts for Erysiphe cichoracearum 38 genera of the 
Compositae, plus 3 species of the Violaceae and | species each of the 
Polemoniaceae (Polemonium van-bruntiae ) and the Solanaceae Vico 
tiana tabacum). Only a few of the species listed by Blumer were pre 
viously used in studies of host specialization He included Carlina 
acaulis, Hieracium prenanthoides, Inula helenium, Scorzonera hispanica 
Xanthium strumarium, and X. spinosum, which are susceptible to the 


zinnia mildew The zinnia mildew did not infect Polemonium van 
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bruntiae, Nicotiana tabacum and Viola sp., but it did infect the borage, 
Cerinthe major, and the solanaceous species Salpiglossis sinuata 

Erysiphe depressa (Wallr.) Schlecht., as recognized by Blumer 
(1933), has as hosts species of Arctium in common with the zinnia 
mildew. Blumer states that E. depressa from Arctium minus infected 

l. lappa, A. palladium, A. nemorosum, and A. tomentosum. Both 
A, minus and A, nemorosum are hosts for the zinnia mildew. Blumer 
did not inoculate the other species which are susceptible to the zinnia 
mildew. souwens was unable to secure infection of Scorzonera his 
panica with a mildew from A. minus. Since both S. hispanica anc 
‘1, minus were susceptible to the zinnia mildew at least two forms have 
A. minus as a host. 

Blumer (1933) recognized Erysiphe montagnei Lévy. as being re 
stricted to Y species of Cirsium. Cirsium arvense, a host for E. mon 
fagnei, was not infected by the zinnia mildew, but inasmuch as only 
2 plants were inoculated, the results are not conclusive. Since E. mon 
fagnet was not tested on species other than those in Cirsium, the zinnia 
mildew may conceivably be this species recognized by Blumer 

Lrysiphe artemisiae (Wallr.) Grev., as recognized by Blumer 
(1933), is restricted to species of Artemisia of the Compositae. The 
zinnia mildew was tested on Artemisia absinthium and A. vulgaris, both 
of which are listed as hosts for /. artemisiae by Blumer; they were not 
infected by the zinnia mildew. 

L:rysiphe horridula Lévy. was retained by Blumer, partly on the basis 


of a supposed restriction to the Boraginaceae from the data of his 


experiments (1922a) and partly because of the often 3-spored asci pro 


duced by the fungus on some boraginaceous hosts. In his experiments, 
however, he did not inoculate any species other than those in the 
Boraginaceae. Blumer cited Cerinthe major as a common host for all 
forms of the borage mildew which he investigated. In the present e» 


periments C,. major was always infected by the zinnia mildew, while 


Symphytum officinale, Anchusa italica, Cynoglossum officinale and Ce 
rinthe minor (listed by Blumer as hosts for /. horridula) were not 
infected 

Salmon (1900), on the other hand, listed Cerinthe major as a host 
for Erysiphe cichoracearum. No perithecia of the mildew developed on 
C. major during the experimental period of the present study, so specific 
determination of the mildew was not possible. Circumstantial evidence, 
however, tended to establish the mildew as FE. cichoracearum. The origi 
nal culture of this mildew was obtained from the field in the summer of 


1952. The plants were growing next to zinnias which were heavily 
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infected with &. cichoracearuni Because of this proximity to plants 
heavily infected with /. cichoracearum, and because the host relation 
ships of the mildew on Cerinthe major are similar to those of the 
mildew on zinnia, the mildew on C. major appears to be F. cichora 
cearum. The original accession of the mildew on C. major, derived fron 
a field infection of this host, reacted identically with an accession ob 


tained after infection of C. major with conidia of the mildew on zinnia 


Erysiphe polyphaga is reported on several species which are sus 


ceptible to the zinnia mildew. From the cultural studies of Hammarlund 
(1945) and Blumer (1950, 1952) E. polyphaga occurs on 85 species in 
38 genera of 15 families of flowering plants. This is a considerably 
greater range of hosts than that of the zinnia mildew, which infected 
19 species in 13 genera of composites and 1 species each of the Bora 
ginaceae and Solanaceae. Erysiphe polyphaga and the zinnia mildew 
have been shown to infect Helianthus annuus and Scorzonera hispanica 
of the Compositae. The following hosts for /. polyphaga were not 
infected by the zinnia mildew: Viola sp. (probably V. tricolor maxima 
hort.), Nicotiana tabacum, Dahlia sp. (probably D. variabilis), and 
Antirrhinum majus. The zinnia mildew has a host range limited pri 
marily to the Compositae, but including species from rather distantly 
related families 

No special forms or biologic species have been established previously, 
as a result of inoculation experiments, on species of Xanthium, Mikania 
Inula, Carlina, Lactuca, Cosmos, Felicia, or Salpiglossis, which have 
been found to be susceptible to the zinnia mildew. 

The results of the inoculation experiments using conidia of the phlox 
mildew show that it is restricted to Phlox drummondu and to the culti 
vated perennial phlox Salmon (1900) lists only Phlox dwaricata 
P. drummondu, and P. paniculata from the Polemoniaceae, as hosts for 
Erysiphe cichoracearum. Species of the Polemoniaceae have not been 
used in other studies of the host specialization of the powdery mildew 
Of the Polymoniaceae, Blumer (1933) cites only Polemonium van 
bruntiae (P. caeruleuwm) as a host for Erysiphe cichoracearum. ‘This 
species of host was included by Blumer because of morphological char 
acteristics of the mildew on this host, not as the result of moculation 
experiments Polemonium van-bruntiae was never infected by the 
phlox mildew during the present experiments, 

Neither Hammarlund nor Blumer inoculated Erysiphe polyphaga 
onto species of Phlox. The phlox mildew failed to infect //elianthu 
annuus, Dahlia sp. (probably VD. variabilis) and Viola sp. (probably 


l’. tricolor maxima hort.), which are hosts for E. polyphaga 
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Several different mildews have been reported on the Cucurbitaceae, 
namely Erysiphe cichoracearum (Salmon, 1900; Reed, 1907, 1908: 
I~rstad, 1925); L. polygoni (Salmon, 1900) ; E. polyphaga (Hammar 
lund, 1945; Blumer, 1950, 1952); Sphaerotheca fuliginea (Blu 
1933): S. “Castagnei’ (Salmon, 1900): and Oidium sp. (vi 
thors Since no perithec la developed on members of the Cucurbitacea 
during the present study, the true identity of the fungi remains in ques 
tion. Some of the collections reported by Salmon (1905: 249) and 
Reed (1907 : 533) bore perithecia of Erysiphe cichoracearum. Bouwens 
(1924: 22) decided the mildew on cucurbits was /:. cichoracearum, 
basing her conclusion on conidial measurements 

The results of the author’s cucurbit mildew study and of that by 
Miller and Barrett (1931) indicate a specialization to the Cucurbitaceae 
In the present investigation Cucurbita pepo, C. maxima, Echinocystis 
lobata and Sicyos anqulatus were susceptible, whereas Momordica cha 
ranthia and Bryonia dioica, as well as species from other families, were 
not infected. Reed (1907, 1908) obtained infection on .\omordica 
charanthia with a mildew from Cucurbita maxima. He also reported 
infection of Helianthus annuus and Plantago rugelii by a mildew from 
C. maxima. Reed stated that the mildews that developed on //. annuus 
and P. rugelu were successfully transferred back to squash plants. Al 
though infections occurring on control plants throw some doubt on 
Keed’s results, the successful reciprocal infections seem to authenticate 
his results on H. annuus and P. rugelu. Miller (1938) could not secure 
infection of sunflower with the cantaloupe mildew, nor was the reciprocal 
successful. The cucurbit mildew used in the present study did not 
infect either 7. annuus or P. rugelu. It therefore appears to be distinct 
from the mildew studied by Reed. 

Only Helianthus annuus and Viola sp., among the species of hosts 
for Erysiphe polyphaga, were inoculated with the cucurbit mildew used 
in the experiments reported herein. Neither species became infected 
The host range of the writer’s cucurbit mildew is much narrower than 
that of E. polyphaga. The cucurbit mildew under investigation was 
tested on a rather wide range of host families and it would seem that 
any tendency toward a wide host range would have become apparent in 
the results of the experiments. 

In the past many investigators have inoculated hosts from only one 
‘family or in some instances from only one genus. From the results of 
these inoculations they have then established the host range for the 


particular mildew. Such experiments decidedly limit the range of hosts 


that can be demonstrated. The following species recognized by Blumer 
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(1933) were based on such limited-range inoculation experiments 
Erysiphe fischeri (Blumer, 1922b) ; FE. salviae ( Blumer, 1933; Laibach 
1930); E. lamprocarpa (Blumer, 1926; Bouwens, 1927; Reed, 1908 
Salmon, 1904): E. valerianae (Blumer, 1933: 265): E. artemisiae 
(Neger, 1902); £. depressa (Neger, 1902; Blumer, 1922b; Bouwen 
1927); E. montagnei (Blumer, 1922b); and FE. horridula ( Blumer, 
1922a; Neger, 1902: Bouwens, 1927) If a wider range of hosts had 
been employed there is the possibility that such species might have beet 
shown to have a much wider range of hosts than that cited by Blume 
(1933) 

Erysiphe polyphaga is outstanding for its wide host range. Ham 
lund, and later Blumer, showed that FE. polyphaga on Cucumis sa 
of the Cucurbitaceae infected 85 species of hosts from 15 famuhes 
cucurbit mildew used by Reed infected primarily certain member 


the Cucurbitaceae and Helianthus annuus of the Compositae and / 
only 4 speci 4) 


tago rugelu of the Plantaginaceae Reed imoculated f 
Aster and Solidago caesia, in addition to H. annuus and P. rugelu, from 


families other than the Cucurbitaceae His mildew might have had 


wider range of hosts if more species had been inoculated, On the othes 


hand, the cucurbit mildew of the present study was inoculated onto 23 


species in 6 families, in addition to members of the Cucurbitaceac 


\With this extensive series of host families any tendency for the mildey 
to infect species in families other than the Cucurbitaceae would probably 
be manifested It therefore appears that several forms with different 


degrees of specialization occur on cucurbits, /£. polyphaga with it 
extremely wide host range, Reed’s mildew with two host species other 
than in the Cucurbitaceae, and the writer’s mildew, restricted to the 


Cucurbitaceae. If the present cucurbit mildew is included in £. f 
phaga, one of the primary differences, wide host range, used in separat 


ing the species would not apply to the species as a whol Krom its ho 


specialization it cannot be placed elsewhere with any certainty 


The host range ot the zinnia mildew is greater than that for ar 


the mildew forms or biologic species under discussion except /. / 


phaga. If the zinnia mildew is included in £. polyphaga it would intro 


duce a form intermediate in host range between the mildew recognized 


by Hammarlund and Blumer as E. polyphaga and several other speci 


If included in the other species with which it has host in common 


will reduce the differences in host specialization now recognized for thes 


The very limited specialization of the phlox muilde 


of Phlox sharply separates it from other mildews and might be con 


to three nec 


ered as justification for its recognition as a distinct speci Based 
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a preliminary study of perithecial and conidial morphology, it seems 
evident, however, that the powdery mildews include many forms with 
various degrees of specialization and with intergrading morphology 
In view of the presently available information on host specialization, the 
slight morphological differences used by Blumer to separate the 10 spe 
cies from Erysiphe cichoracearum are only doubtfully sufficient for 
recognition of these as distinct species. As far as the mildews used in 
the present investigation are concerned it seems best to consider them 
as belonging to one species, Erysiphe cichoracearum sensu Salmon, each 


form being distinguished by its host specialization 


StU’'M MARY 


1. A powdery mildew from Zinnia elegans is shown to infect Z. el 

| 
gans, Z. pauciflora, Z. verticillata, Helianthus annuus, Arctium minus, 
A. nemorosum, Xanthium chinense, X. spinosum, X. strumarium, Mi 
kania scandens, Hieracium alpinum, H. prenanthoides, Inula helenium, 
‘arlina acaulis, Cctuca perennis, OSTMMOS SD., corzconera hispanica an 
( 1 l [ f ( | S } l 
‘elictd adimetlloides O ic ‘om yosilae, alpigiossis sinuata of 1¢ Olana 
Kel lloid f the ¢ posit Salpigl ta of the Sol 
ceae, and Cerinthe major of the Boraginaceac 

2. A phlox mildew is shown to be restricted to Phlox drummondu 
and the cultivated perennial phlox, no infection occurring on 34 other 
species reported as hosts for Erysiphe cichoracearum 

3. A cucurbit mildew from the vicinity of Ann Arbor, Michigan, is 
shown to be restricted to the Cucurbitaceae, infection failing to develop 


on all other species inoculated 


4. The zinnia, phlox and cucurbit mildews are best recognized as 


forms of Erysiphe cichoracearum DC. ex Merat, as recognized by 


Salmon, distinguished by marked differences in their host specialization 


DEPARTMENT OF BIOLOGY, 
UNIVERSITY OF Miss! 
University, Mis 


LITERATURE CITED 


Blumer, S. 1922a. Beitrage zur Specialisation der Erysiphe horridula Ley. auf 
Boraginacee Centralbl. Bakt. I]. 55: 480-506 
1922b. Die Formen der Erystphe cichorac: 1 Dt Centralbl. Bakt. I] 
57: 45-60 
1926. Neue Wirtspflanzen vor chitaupilze. Zeitschr. Pflanzenkrank!l 
36: 232-236 
1933. Die Erysiphaceen Mitteleuropas mit besonderer Ber 


) 


Schweiz. Beitr. Kryptogamenfl. der Schweiz 7: 1-482 





SCHMITT 


1950. Beitrage zur 
Zeitschr. 18: 101-110 
1952 Beitrage zur Sy 
sot. Gesell. 62: 383-401 
Bouwens, H. 1924 
Lab. “Willie Commelit 
1927. Weitere I 
Lab. “Willi 
Duvdevani, S., et al 


mildew of « 


cla 


1946 Phe 
ucumber 
Palestine Jour. Bot 
Hammarlund, C. 
Arten, /r 
Jorstad, I. 1925 


Oslo Skr 


1945 

iphe pi 

The 

ifter | 

Laibach, F. 1930 

pheet lahrb. wiss 

Mains, E. B. 1924 

gations Pro 

1942. Phlox 

Miller, P. A. 1938. ( 
28: 672 

and J. T. Barrett. 1931 

Valley. Calif. Agri 

Neger, F. W. Beitrage 

221-272 

Reed, G. M. 

cichoracearum D¢ 

1908. Infection 

of Wis Sci. Ser. 3: 337 

1915. Physiological 

Agric. Exp. Sta. Bull 

Salmon, E. S. 1900. A monogt 

Club 9: 1-292 

1904 yn the 

Phytologist 3 

1905 I he 

Schmitt, J. A. 


Matem 
Ueber die Bee 
Bot. 72 
Notes on 


Indiana 


ucurbit pe 


Exp 
1902 
1907. Infectior 
Trans 

experiments 
4\¢ 


relation 


specialization 
109-121 
Erysiphaceac 
Jr. 1954 


wun 1 


ii 


ERYSIPHI 


Kenntni 


matwr 


Untersuchunger 

Scholten” 8 
ntersuchungen 
(ommelin Schol 


deve 


Erysiphaceae of 
Naturvid. Klasse 
lingunger 

106-136 
greenhouse 
Sci. 33 


resistant to powdery 


] 
Ca 


mwwdery 
Cantaloupe 
a. Bull 


zur 


experiment 


W ise 


131 460 (or I xp. ota Record 33: 244) 


CICHORACEARUM 701 


2. Mitteilung. Phytopath 


der Erysiphacee. Berichte Schweizischen 


Erysipheer Mededeel 


ber 


phytopath 
347 

Erysipheet Mededee!l 
n” 10: 3-31 

lopment of downy 


uber phytopath 


mildew and powdery 


environmental! 


to dew and other tactor 
,) 27-151 

zur Revision einiger 
Bot. Notiser 1945: 101 
Norway Norski Videnskaps 
1925(10): 1-116 


Perithezienbildung bei den Erysi 


imperfekter Mehltau 
10% 


Akademi 
der 


culture methods used mm rust investi 


241-257 
mildew 


418 
Phytopatl 


Phytopath. 32: 414 
papaya 


mildew on Carica 
powdery 
507 


Bic low 


mildew in the Imperial 


det 


Erysipheen. II. Flora 90 


cucurbits, Erysiph 


15: 527-547 


Bull, Univ 


milde Ww on 
Arts, Ltrs 


racearum LX 


with the 
Ac ad 
ith Erysiphe cich 


Scj 


f powdery mildews to their hosts. Missouri 


f the Erysiphacea Mem. Torrey Bot 


ot parasitism 


} 


pat I] Ann. My 
unreported speci 


Reptr. 38 





OBSERVATIONS ON ASEXUAL AND SEXUAL 
REPRODUCTIVE STRUCTURES OF THE 
CHOANEPHORACEAE 


\pr 


Included in the family ( hoanephoraceae of the order Mucorales are 
those genera whose species form their asexual spores both in columel 
late sporangia and, in addition, either in few-spored, non-columellat 
sporangioles Or in MONOSporous sporangioles which are common] re 
ferred to as conidia ( Hesseltine, 1952, 1953 Zygospores are produced 
between the tips of entwining branches 

The aerial sporangium is recognized as the characteristic asexual 
reproductive structure of the majority of the Mucorales. In certain 
families and in many genera of this order the sporangium either is accom 
panied by or is replaced by sporangioles which are small, few-spored, 
non-columejlate sporangia that are often dehiscent at maturity. Mono 
sporous sporangioles often have been regarded as conidia. Investiga 
tions reported by Bainier and Sartory (1913), Mangin (1899), Thaxter 
(1914), Van Tieghem and Le Monnier (1873), and Torrey (1921) 
indicate that it is extremely doubtful that a true conidium (as found in 
the Ascomycetes, Basidiomycetes and Fungi Imperfecti) is produced by 
any of the Mucorales. 

The recognition of the “conidia” found in the Choanephoraceae as 
monosporous sporangioles, suggested by Thaxter (1914), has been gen 
erally accepted, but more convincing evidence that an inner spore wall 
is distinct from an outer sporangial membrane is needed Other mor 
phological features, such as the occurrence of striations on spore walls 


and the pattern of sexual reproduction, need additional study, since 


his paper represents a revision of a sectior 


Morphology of Critical Aspects of Sexu 

omy of the Choanephoraceae (Mu 

to the Department of Botany, Univer 
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these appear possibly to be family characteristics of diagnostic 
nificance 
This Investigation was conducted (1 to establish more clearly the 
proper interpretation of the “conidia” as found in the Choanephoraceat 
to determine whether or not striations are fundamentally important 
characteristics of all spore types of members of this family; and (3) 
to ascertain what influence the observations made nmught have on the 


taxonomy of the ¢ hoanephoraceae 


HISTORICAL REVIEW 


Currey (1873) placed Choanephora infundibulifera in the ordet 
Mucedines of the Fungi Impertecti, implying that he regarded the 
asexual spores which he observed as true conidia. Cunningham (1878) 
discovered the sporangia, chlamydospores and zygospores of this species 
and transferred it to the Mucorini ( Mucorales He proclaimed that 
true conidia are produced by Choanephora, thus agreeing with Breteld 
(1872), who divided the Mucorini into two sub-families, one of whicl 
vas distinguished by the sporangial fructification, the other by the 
conidial fructification. In this he opposed the view of Van Tieghem 
and Le Monnier (1873), who denied that the true conidial fructification 
ever occurs in the Mucorini. Thaxter (1914) separated Choanephora 
and Blakeslea on the basis of the production of conidia by the former 
and sporangioles by the latter, but attempted to show that the “conidia 
were sporangioles containing a single spore. He failed to demonstrate 
by mechanical separation an outer sporangial membrane clearly distinct 
from an inner spore wall, but he was able to show that a thin outer 
sporangial membrane must exist, for he reported instances when “th 
contents oi the ‘conidium’ have contracted away from the base of the 
thin colorless mother cell wall and has surrounded itself with the chat 


acterist purple ‘conidial’ wall which is clearly di tinguished trom the 


empty space below it.” Sinha (1940) demonstrated the production of 


single-spored sporangioles by Blakeslea trispora when this fungus wa 
cultivated ona starvation” culture medium, and concluded that these 


monosporous sporangioles were identical with the “conidia or ci 


nephora 

Early reports dealing with species of the Choanephoraceac 
Currey (1873) and Cunningham (1878) are devoid of any reference 
either by description or illustration, to the presence of striations on the 
walls of anv of the spore types produced by Choanephora infundibu 


fera. Cunningham (1895) later described striations on the exospore 
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walls of the sporangiospores, “conidia’’ and zygospores of C. simsonii 


Thaxter (1914) referred only to the “conidia” of C. cucurbitarum as 
possessing these striations. Lefebvre and Weimer (1939) demon 
strated delicate longitudinal striations on the outer sporangiospore walls 
of this species and Shanor * detected their existence on the zygospores 
In his description of C. conjuncta, Couch (1925) stated that the walls 
of the “conidia” are smooth externally but that the inner spore wall is 
apparently minutely punctate. The sporangiospores produced both in 
the large columellate sporangia and in the smaller non-columellate spo 
rangioles of Blakeslea trispora, according to Thaxter (1914), possess 
striations which are similar to those observed on various types of spores 
of Choanephora. The zygospores of this genus, according to Weber 
and Wolf (1927), are likewise striate and similar to those reported 
for ( hoanephora. 

The sexual reproductive structures of Choanephora infundibulifera 
were first illustrated and described by Cunningham (1878 He is also 
credited with their discovery in C. stmsoniu (Cunningham, 1895 Wolf 
(1917) was the first to detect and study zygospores of C. cucurbitarum 
Couch (1925) described and illustrated the zygospores of C. conjuncta 
and credits Blakeslee with the discovery of heterothallism in the genus 
Zygospores and heterothallism were described for Blakeslea trispora by 


Weber and Wolf (1927). 


MATERIALS AND METIIODS 


Twenty isolates of Choanephora cucurbitarum (Berk. and Ray 
Thaxter were assembled for this study Fourteen of these were iso 
lated from 152 soil samples which had been collected in various parts 
of Illinois, Mexico, Central America and the island of Ponape Two 
were isolated from the fading flowers of Hibiscus syriacus which had 
been placed in moist chambers in the laboratory, while the remainder 
were supplied by the following: one, isolated from Nicotiana sp. in 
Sumatra, by the Centraalbureau voor Schimmelcultures, Baarn, Hol 
land; one, isolated from Cucurbita sp., by Professor H. L. Barnett, 
West Virginia University, Morgantown, West Virginia; one, isolated 
from Cucurbita pepo var. melopepo, by Dr. R. A. Conover, Sub 
tropical Experiment Station, Homestead, Florida; and one, obtained 
from the Northern Regional Research Laboratory, Peoria, Illinois, 
through the courtesy of Dr. K. B. Raper 


Five isolates representing Blakeslea trispora Thaxter were acquired 


‘ Unpublished notes, 1943-1944 
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Chree of these were obtained from the Northern Regional Research 
Laboratory at Peoria, Illinois, and two were received from the Centraal 
bureau voor Schimmelcultures, Baarn, Holland 

Several common synthetic culture media were used in these investi 


gations. The use of these culture media and of specific techniques is 


described in appropriate paragraphs on subsequent pages 


OBSERVATIONS AND DISCUSSION 


“CONIDIA” OF CHOANEPHORA: “Conidia” of Choanephora cucurli 


tarum were subjected to the following treatments in an attempt t 


demonstrate that the outer sporangial membrane may be separated from 
the inner spore wall: (1) they were mounted in distilled water; (2 


they were mounted directly in lactophenol with cotton blue; (3) they 


were placed in distilled water for varying short periods of time after 


which they were mounted in lactophenol with cotton blue; (4) they were 


placed in potassium hydroxide and permitted to swell after which they 


were mounted in lactophenol with cotton blue; and (5) they were placed 
in saline solution for varying short periods after which they were 
examined 

The “conidia” subjected to the first four of these treatments were 
only slightly modified. Most of the treated “conidia” that were ob 
served resembled the true exogenous conidium of the higher fungi; thei 
endospores completely filled the sporangiolic membranes. “Conidia”™ 
which contained endospores that did not completely fill their sporangioli« 


membranes were also observed (Fics. 1—5) In certain of these in 


stances, “conidia” resembling those described and illustrated by Thaxter 
(1914) were detected (Fics i. +) While some contraction of the 
endospores in these “conidia” may have occurred, it was evident that 
the spores had failed to mature and conform to the size and shape of 


the outer sporangiolic membranes. “Conidia’’ which exhibited ‘empty’ 


spaces within the sporangiolic membrane at both the basal and apical 
| ] £ | 


ends of the endospore were also not infrequently encountered (Fics 


ee F 


Those “conidia” which were subjected to the saline solution became 
extremely plasmolized and unsuitable for study 


In an additional attempt to demonstrate an outer thin wall of the 


sporangiole and a separate colored and striate inner wall of the endo 
the surface 


spore, “conidia” were placed in drops of sterile water on 
of nutrient agar in Petri dishes so that germination could 


When a majority of these “conidia” under observation produced germ 


bye observed 
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tubes, they were transferred to lactophenol on mucroscoy 
examination. In a few instances germinating “conidia” were detected 
in which the outer thin sporangiolic membrane was drawn out for a 


This indicated clearly that the inner 


short distance with the germ tube 
spore wall is separate and distinct from the outer sporangiolic membrane 


(Fig. 6) 


In all cases the outer sporangial membrane was found to be of a 


thin, membranous texture and to be uncolored, while the endospor 
The thick endospore wall Was also 


was thick and purplish-brown 
In no instance was it possible 


found to possess longitudinal striations 


to demonstrate that these endogenous spores of the “conidia” posse 
terminal clusters of fine radiating appendages as are found on the 
sporangiospores of the multi spored sporangia of ¢ hoane phora and 


Blakeslea 
SPORANGIOLES OI 
nificance of the number of sporangiospores per sporangiole in Blakeslea 


BLAKESLEA In an effort to determine the iv 


trispora, this fungus was cultivated on an agar medium of low nutri 
Barnett and Lilly (1950) in a study 


tional level, the same as used by 
lwo interest 


of asexual reproduction of ( hoanephora cucuriitarum 


ing phenomena were observed: (1) the number of sporangiospores pro 
duced in the sporangia was reduced, many being observed with only 
two or three spores and single-spored sporangia were not uncommon 
(Fic. 11): (2) the number of sporangioliferous heads on any one 
sporangiophore was fewer and the number of sporangiospores produced 
in the sporangioles which developed on these sporangioliferous head 
was likewise smaller. Many sporangioles with three or more spor 


developed in a normal manner (Fic 7). In many instances, true mono 
In addition, abnormal 


sporous sporangioles were observed (Fic. & 
In this stud 


sporangioles with single spores were also found (Fic. 9 


no attempt was made to explain this anomolous condition and it seen 


best to regard these as curious abnormalities. All of the monosporou 


sporangioles observed were distinctly double-walled structures, having 
a thin, colorless outer sporangial membrane and a thick, purplish-brow1 


inner spore wall. 


Fics. 1-6 Single-spored sporangioles of ( 


Sporangioles whose endospores do not completely 
rangiolic membranes, 1800-2000 6. Germinati 
f inner spore wall and outer sporangiolic membrane 2000 
rangioles of Choanephora trispora. 7 ypical multiple-spored 
%. Single-spored sporangiol 9. Abnormal 


1875 
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PG Single-spored sporangium of Choanephora cucurlitarum, 1150 


11. Single-spored sporangium ot C. trispora 1200. 12. Striate sporangiospore 
ot ¢ cucuriitarum, * 1600 13. Striate sporangiospores ot ( trispora 500 
14. Striate endospores of single-spored sporangioles (“conidia”) of C. eucurbttarum, 

1200. 15. Typical gametangia ot C. cucurbitarum 200. 16. Striate zygospore 


of C. cucurintarwmn, 700 17. Striate zygospore ot ( trispora R00 
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SPORANGIA OF CHOANEPHORA AND BLAKESLEA: In culture, tsolate 
of both Choanephora and Blakeslea develop large, columellate, pendent 
sporangia containing many sporangiospores. Larnett and Lilly (1950 
have shown that this type of sporangium is produced more abundantly 
by Choanephora when it is cultivated on a “starvation” substrate, esp 
cially when the incubation temperature is maintained at about 30° ¢ 
By duplicating the conditions described by Barnett and Lilly for thei 
experiments with Choanephora, it was possible to confirm their result 
When Blakeslea was subjected to the same conditions, results were sin 
lar to those obtained with Choanephora. In both, in addition, smallet 
few-spored sporangia which lacked columellae were abundant Phese 
were found intermingled with the larger columellate sporangia in the 
same cultures In certain cases, minute sporangia lacking columella 
and containing one, two or more sporangiospores were observed (1G 
10, 11) These appeared to possess the characteristics of sporangio 
spores developed in the larger columellate sporangia. No significant 
differences were observed in the sporangia produced by these two 


organisms 


ql 


SPORE STRIATIONS: Several spore types of the different speci 
( hoanephora and of Blakeslea frispora have been reported to be striate 
In view of the apparent universality of spore striation and its possible 
significance as a diagnostic characteristic of the Choanephoraceae, the 
occurrence of striations on the walls of all available spore types produced 
by these fungi was investigated 

The walls of sporangiospores of Choanephora cucurbitarum were 
studied through the compound microscope with combinations of len 
which gave magnifications of 1O8O—1800 diameters. I[¢xtremely fine and 
delicate longitudinal striations which frequently anastomosed were read 


ily detected on the walls of these spores (Fic. 12 ki xamination of 


preserved specimens of C. conjuncta borrowed from Professor Joh 


Couch revealed that the walls of the sporangiospores of thi pec 
likewise are striate. When the walls of sporangiospores produced 
Blakeslea trispora were studied in a similar manner, the same chara 
teristic striations were readily distinguishable (hic. 13 

Couch (1925) refers to the “conidia” of Choanephora conjuncta a 


possessing smooth outer walls He stated that the inner walls are 


minutely punctate. [xamuination of ¢ ouch’s specimens of C. conjuncta 


lead us to conclude that the “conidia” of this pecies are not iV 


nificantly different from those produced by ( cucurbitarum Striation 
although faint and difficult to detect, are present on the “conidial” wall 


fove 


and are similar to those present on the “conidia” of ¢ cucurimntarun 
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Irregularly spaced refractory granules of unknown nature were ob 
served around the periphery of the endospores, and these may represent 
the punctations reported by Couch. Striations on the endospore walls 
of the “conidia” of C. cucurbitarum are illustrated in Fic. 14 

The possession of finely striate exospore walls by the zygospores of 
Choanephora simsonu, C. conjuncta and Blakeslea trispora has been 
reported by Cunningham (1895), Couch (1925) and Weber and Wolf 
(1927), respectively. Shanor® observed that the exospore walls of 
zygospores of C. cucurlbitarum are also finely striate Kestudy of 
Shanor’s specimens and of other isolates of this species has confirmed 
this observation. These striations (Fic. 16) are similar to those de 
tected on the walls of the “conidia” and the sporangiospores of ©. cucus 


bitarum. t-xamination and study of zygospores of C. conjuncta revealed 


that the zygospores of this species are similarly striate. The striations 


on the zygospores of C. cucurbitarum originate in the region adjacent 
to the suspensors and spread over the spore as longitudinal, frequently 
anastomosing lines. 

Zygospores of Blakeslea trispora which were borrowed from Dr 

W. Hesseltine were carefully examined. Characteristic striations 
were identified on the walls of these (Fic. 17), thus confirming the 
report of Weber and Wolf (1927). These striations are similar to 
those observed on the walls of zygospores of Choanephora cucurbitarum 
and C. conjuncta 

MorPHOLOGY OF SEXUAL REPRODUCTION: The method of zygospore 
production by species of the Choanephoraceae was investigated and 
found to be in accord with the descriptions by Couch (1925), Shanor 
and Wolf (1917). In all instances among currently recognized mem 
hers of this family (Hesseltine, 1952, 1953), zygospores are produced 
following the fusion of gametangia which are cut off from the tips of 
twining branches of fertile hyphae (Fic. 15). The extent of the com 
plex entanglements of vegetative hyphae associated with the production 
of gametangia and zygospores was found during the course of this study 
to be a condition which varied, apparently, with the nutritional level of 
the substrate and mating vigor. This indicates that the extent of the 
entanglement of vegetative hyphae is a matter of little significance and 


unlikely of any diagnostic importance: 


TAXONOMIC CONCLUSIONS 


This investigation of the morphology of “conidia” of Choanephora 


has demonstrated that these spores possess double walls, an outer, thin 
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sporangial membrane and an inner, thick, true spore wa 
‘conidia” are clearly monosporous sporangioles that differ from the 


sporangioles of Blal slea trispora only in the number of spores produced 


At the time he established the genus Blakeslea Thaxter (1914 


/ ; 


stated that the only fundamental difference between am 
Choanephora was the production of sporangioles by the form 
production of “conidia” by the lattet Results of this inve 

lia” of Choanephora and the single-spored spor: 


# the similarity of their sporangia, support 


sion that differences are of generic significance 

only of specific importance a’s conclusion t 

Blakeslea must be considered a s hoa ho is. therefore 
regarded as vali The correct 


spored (usua sporangiol 
Sinh: 
Careful examination of al s produced by 
ucurbitarum, C. conjuncta and trispora has resulted im 
of fine, delicate striations on their walls in very instance 
vations confirm reports of striations on the walls of spores produced 
members of this family Whether the walls of the different spore 
ot C,. mfundibulifera are striate or not is unknown since neither ¢ 


(1873) nor Cunningham (1878) has referred to this characteri 


since no material repre senting thi pecies was available lor 


seems likely, however, that the presence of striations on 


spores oft the ( hoanephorace i¢ hould he looked Lion 
| | | 


characteristic of diagnostic importance 
The formation of zygospores hetw 


of tertile hyphae ha heen 


zygospore development in the Choanephoraceac 


spore development is not restricted to the ¢ 


it 1s considered along with such additional 1 
as striations on the walls of all sj and the prod 


sporangia ind porangiol 


porangiophore 


distinguish them from other fungi assiy Viucoral 
This investigation 

conjuncta are not un 

mation of “‘elal 

spores of ( 

the substratum and the mating 

Therefore, this phenomenon, as reported for 


regarded as a specil diagnostically importan 
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leatures, C. conjuncta agrees with C. cucurbitarum. It is concluded, 
therefore, that there is insufficient evidence to support the retention of 
C. conjuncta as a valid species and that this name should be included 


as a synonym of C. cucurbitarum 


SUMMARY 


Twenty isolates of Choanephora cucurbitarum (Berk. & Ray 
Thaxter and five designated Blakeslea trispora Thaxter were obtained 
from soil and other sources I’xperimental studies were conducted and 
' 


ane 


observations made on the fundamental morphology of “conidia”’ 
sporangioles. The “conidia” of Choanephora are truly monosporous 
sporangioles and similar, except for the number of spores developed i1 
each, to sporangioles of isolates designated as Blakeslea.  Striatior 
have been observed on the walls of all spore types produced by all of 
the isolates of the Choanephoraceae investigated. This characteristi 
appears to be of fundamental diagnostic importance for the family 
The formation of zygospores between the tips of twining branch 
of fertile hyphae is the characteristic method of zygospore development 
in the Choanephoraceae. This type of zygospore formation and othes 
morphological characteristics, such as spore striations and the produ 
tion of aerial sporangia and sporangioles on separate sporangiospores 
combined, distinguish species belonging to the Choanephoraceae and 


separate them from other fungi belonging to the Mucorales. Observa 
ban’ ny any 


tions reported here substantiate Sinha’s proposal that the principal dif 


ference between Blakeslea and Choanephora is not otf generic sig 


nificance and, therefore, Blakeslea must be considered a synonym ot 
Choanephora. Choanephora conjuncta is concluded to be a synonym 


of C. cucurbitarum 
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CAPILLITIAL DEVELOPMENT IN THE MYX- 
OMYCETES BADHAMIA GRACILIS AND 
DIDYMIUM IRIDIS 


Artuur L. WeLpeE> 


(WITH 3 FIGURES) 


Probably the earliest investigations into the nature of the capillitial 
threads of Myxomycetes were conducted by Strasburger (10). In his 
work on Trichia fallax |7T. pusilla (Hedw.) Martin],’ he described the 
capillitium as forming in vacuoles found in the cytoplasm of the develop 
ing sporangium. The sequence of development as he described it was 
vacuoles are formed, elongate, anastomose, become tubular in shape 
and, by deposition of granules along their length, acquire their char 
acteristic sculpturings. Strasburger demonstrated for the first time that 
capillitial threads are not elongated cells, but are formed as the result 
of intraprotoplasmic secretions. 

Zop{ (12), while accepting Strasburger’s work with hollow threads, 
helieved the so-called solid capillitial threads to represent plasma masses 
not used in spore formation. Zopf did not present any verification of 
this viewpoint. Massee (9) either ignored or overlooked Strasburger’s 
work when he maintained that the capillitium arose from surplus proto 


plasm left after spore formation which takes the form of a more or less 


complicated network mixed with the spores Krantzlin (6) derived 


the capillitium of Oligonema and Arcyria from “elateroplasts.”” These 
structures were described as arising from unipolar spindles formed as 
a result of division of certain nuclei. The rays or spindle fibers of the 
heteropolar spindle tended to disappear as the full development of the 
vacuoles was approached. 

Harper and Dodge (4) confirmed Strasburger’s work and accepted 
his interpretation that the capillitium is an intraprotoplasm secretion 
Working with Hemiarcyria clavata | Hemitrichia clavata ( Pers.) Rost.| 
and a species of Trichia, they found that capillitial formation is inau 
gurated as soon as the sporangium attains full size. Vacuoles are formed 
in the protoplasm of the developing sporangium, elongate and anastomose 


and, at first, resemble a physaroid capillitium Ultimately, these vacuoles 
Names in brackets are according to modern nomenclature (see Martin, 8 


714 
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assume the characters of the mature trichioid capillitium rhe proto 
plasm is slightly more condensed around these vacuoles and is, in turn, 
surrounded by a zone of nuclei. The nuclei away from the vacuoles 
show no such orientation. Fibrils are seen to run amongst the nucle 
and connect with the numerous granules which lie upon the surface 
of the vacuoles. These fibrils are not connected to the nuclei and tend 
to disappear as the capillitial threads mature Harper and Dodge 
believed these fibrils to be what Krantzlin called heteropolar spindles 

\ different interpretation of capillitial development is given by 
Bisby (1). According to him, the capillitium arises as invaginations 
from the surface of the peridium. In Physarella mirabilis |P. oblonga 
(B. & C.) Morg.| these invaginations form from the peridial surface 
and cut into the protoplasm, forming the capillary tubes and line knot 
found in the mature fructification. Invaginations occur also from the 
columella surface in Stemonitis fusca and join those invaginations from 
the peridial surface Cadman (2) maintains that, in the case of Didym 
ium nigripes Kr., the capillittum forms as the result of condensatior 
along the interface between the cytoplasm of the sporangium and _ th 
invaginations into it from the peridial surface. This condensation, she 
claims, is due to water loss and results in the formation of capillitial 
threads. 

\ radically different explanation for capillitium formation is given 
by Wilson and Cadman (11). They report for Keticularia Lycoperdon 
Bull. that certain tracts of protoplasm degenerate, giving rise to the 
capillitium. eticularia has often been said to have a pseudocapillitium 
and this type of development may well be the basis of the morphological 
distinction between a true capillitium and a pseudocapillitium. Howard 
(5) agrees with Harper and Dodge that the capillitium is an intra 


protoplasmic secretion, but, unlike those workers, he reports that the 


physaroid capillitium arises after the tubular elongations occur 


MATERIALS AND METHODS 


Plasmodia of Badhamia qracilis (Macbr.) Macbr. and Didymium 
lridis (Ditmar) Fries were obtained by moistening dead Yucca leave 
and bark, using the method described by Gilbert and Martin (3) Phe 
Yucca leaves were collected by Mrs. Calvin McMillan in Caliente, 
Nevada, on December 28, 1950, and were wet October 12, 1953. Fruit 
ing bodies of the Badhamia began to appear about one week after wetting 


Chey were removed from the plat t parts over an ext nded pe riod of time 


Che bark upon which Didymium /ridis appeared was collected on Barro 
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Colorado Island, Canal Zone, Par 
on August 22, 1953, and subcultured on oat agar many times 

\t the initiation of fruiting, the protoplasm of the plasmodium flows 
into the spreading fans and gathers into pulvinate masses. These masses 
ubsequently elongate and form mature fructifications \s the pulvinate 
masses began elongation, they were killed in a variety of fixatiy 
subsequent development stages were also fixed until as nez 
plete series as possible was obtained. Of the fixatives use 


satisfactory were Kleming’s Weaker Solution and Navashir 


hic. | A—~H. Schematic diagrams of the developing sporangia of Badhamia 
gracilis and Didymium J/ridis from pulvinate initials to the mature sporangium 


) { 


A. Pulvinate initials. B. Columnar initials formed after the elongation of th 


pulvinate initials. C-—E. Apical expansion of the initial with a corresponding 


reduction in the diameter of the stip , First appearance of calcium carbonate 


upon the peridium, which signifies that the capillitium is mature and functioning 


(,. Stage of first color changes in the maturing porangiz H. Mature porangiun 


This was especially true if the modified triple stain described by Johanset 
(Plant Microtechnique, p. 86) was used. After fixing for 24—48 hours 
the material was dehydrated by the Butyl alcohol method, placed in 
paraffin oil, and embedded in paraffin. Sections were cut 8m thick, 


mounted on slides and stained 


RESULTS 


The heaping of the plasmodial protoplasm into numerous small, 


pulvinate masses forming what is here termed the “sporangial initials’’ 
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he first indication of fruiting. Shortly after these initials are formed, 
an elongation and form the “columnar initials.” The 


pex of the column is slightly larger than the base The 


ey undergo 


apical el d 


subreniform sporangia char 
two species. As lateral expansior 


pands laterally, forming the globose to 
teristic of the 


increases, the proto 
plasm of the stipes 


empties into the sporangia and the stipes are gradually 


educed in diametet ic. 1, A-H, shows a schematic representation 
his growth pattern. During this period of gross morphological 
lange, there does not appear to be any increase or decrease in the 
uantity of protoplasm, but 


( 


only a change in the 
protoplasm due to condensation. 


ertain color changes occur in the protoplasm of 


i the two species 
maturation iz 


volume occupied by 
( 
uring some extent these color 


d with cytological development 


changes Can pe Cor 
} 


1 let 
Cidalf 


1 


pecies are milk-white and this col 
complete lo stage corresponding to bi 
|, lk, calcium carbonate granules appear on the surface of the sporangia, 
vhich indicates the cytological stage 


pletely formed and is 


\t first the plasmodia of both 


i 
ir persists until maturation 


almost 
ward the latte part ol the 


at which the capillitium has 
functioning. The 


—_ 


com 


appearance Ol calcium car 
wnate also denotes that spore cleavage 1s beginning, 1oO1 this 


immediately after capillitial formation \t 
re not noticeable, but, as the 


occu! 
first the calcium granule 
sporangia change color, they become more 
In B. gracilis the first color change is to pale-pink whicl 
ecomes progressively darker through lavender t 


( change Is te 


prominent 


purple In dD lridts 
» pale brownish-pink which finally becomes dark purple 


the 


\s the colors of 


sporangia change and darke Nl, 
and the 


pore cleavage occu}#l 
sporangia attain maturity 


— 


In both species, the first 


stage otf the « 
vas fixed was immediately after the 
ind formed the columnar 


leveloping sporangia which 
pulvinate initials 
structures. Thereafter, the 
ed at hourly and half-hourly intervals 
possible was obtained. Both B, 


had elongated 
sporangia were 
until as nearly a complete seri 


gracilis and D., Iridts are 
respects, but certain differences are evidet 
| 


species will he discu 


similar in 
t and, for this reason 
sed under separate heading B 


ater detail and LD). /ridi 


goractit 


compared with thi 


BADHAMIA GRACILIS 
hic. 2, the developmental sequence is shown by means of phote 
nmucrographs, and also semi schematically to demonstrate more clear] 
the points discussed 
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Fic. 2 \-G. Photomicrographs of sections of the developing sporangiun 


of Badhamia gracilis \. Columnar initial showing the vacuolate condition of the 


protoplasm. B. Expanded apex of the initial. C. Sporangium, showing the beg 


ning of peripheral condensation of the protoplasm. D. Sporangium containing 
the large capillitial vacuoles and the invaginations 0 the protoplasm from the 


peridium | Mature capillitium and the manner in which it cuts he protoplasn 
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I ret 


ic. 2, A and I, show that the columnar initial is composed o 
ulated protoplasm. Toward the base of the column, which its 
| the protoplasm contains a few relatively small vacuok 
with larger more 


smallet 
than the apex 


numerous vacuoles toward the apex Many variou 
shaped and darkly staining nuclei are dispersed throughout the prot 
plasm \t first glance, these nuclei seem to be randomly dist1 


certain irregular lines of nuclei cas 
These lines of nuclei probably repre sent streams ¢ 
flowing into the elongating 


but, upon closer examination, 
seen 


| protoplasn 
The more or less spherical 


initials | nucle 


measure 3—4+ in diameter but 


some are 1. zular in shape Cryst 


i deeply. When stained for an equal time 


Violet stains all ot the nucle a 
this and at later stages, it was found that the nuclei, for 
reason, retain Crystal Violet more 


1ected to d 


ome unknow1 
tenaciously at this stage Ii 


estaining procedures, the nuclei decolorize slowl 
time is there any structure 


Suh 
but at me 
discernible within them When tl 
Htaemotoxylin and 
results are obtained. There 


f nue le 


are stained with destained in Iron Alun 


iiilar 
doe s not seem to he 


any evidence or nue lear 
disintegration or disorganization. 
In addition t 


' ' 


» nuclei, many darkly staining granules are pre 
cl 


tend to disappear at later stages hese 


g 
excretory products which 


vt inules are probably 
1 are he ing Y 
The only 


<pelled by the heaping protoplasm 
a surrounding wall is a sl 
of the protoplasm around the ape> 

ably ward the | I 


( vASE 


indicatio1 ol ight condensatior 


This membrane thickens consider 


xposure to air is probably the 


Ca 


gium alter a certain at 
trating 

initerior G 

mature capilli 


yuutlines of the 


iraw! 
| 


The nuclei their 
owime the 
es of peripheral cor 


nite beginning 


vacuole 


midet a protopla 1! 


tubular invaginations have occurre« 


nuclei show a nucleolus, chromatin 
ire in individual vacuoles M. Multinucleats 


pore cleavag Most of the nuclei are 


ature and functioning A-G. Phot 
Drawings, approximately 33 





M YCOLOGIA, 


\t a later stage (Fic. 2, B an , the sporang 
have been delimited. The interior of the stipe is still 
plasm, but it is slowly becoming enucleate. The protoplast 
stipe will ultimately become transported into the sporangiun 
disintegrate. The outermost portion of the sporangium is 
by a slightly thickened membrane Interior to this meml 
area of condensed protoplasm which, with the « 
make up the peridium. Filling the remainder of the 
the condensed protoplasm is the frothy, uncondensed 

Still later (Fic. 2, C and Kk), the stipe has beer 


and is enucleate. Occasional masses of disit tegrating proto] lasn 


sometimes be seen in the interior of t stipe The peridial zon 


the sporangium is more pronounced y careful focusing arou 


1? 


periphery and base of the sporangium, tubular i 
| 


een forming from the inner wall of the now doubl 
and pushing into the interior. These invaginations stai 
darker with Orange G than the surrounding protoplasm 
fore, easily overlooked Inside the peridial zone 
densing protoplasm can be seen to be increa 

nuclei are present in this zone: (1) the first t 

nue lei whi h were cle s( rile d above . and (2) lightly 


r 


appear for the first time. This second e does not 
Violet or Safranin, but stains heavily with Orange G 
the sporangium is still filled with frothy protoplasm containing 
of heavily staining nuclei. I requently, vacuoles with membrat 
toward the periphery of this frothy protoplasn Other 
structures without visible membranes are 
protoplasm. 
Condensation of the protoplasm continues in 
is soon obvious that the pattern of condensation is from the periphery 
to the interior of the sporangium \s peripheral condensation occurs 
there is a corresponding reduction in the amount of central, frotl 
plasm. This condensation or gelling of the protoplasm continue 
the interior of the sporangium is filled 
During condensation, water and wa 
vacuoles formed in the protoplasm 
vested with clearly visible membranes 
Presumably one of the waste products is calciun 
vacuoles elongate slightly, anastomose with eacl 
invaginations, it is transported to the exterior of the sporangiun 


the invaginations. Some of the calcium products remain in the 
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and tubes, thus forming the more or less physaroid capillitium chat 
acteristic of B. gracilis (Fic. 2, H) 

Sections of the sporangium after the capillitium is formed (hic. 2 
D and L), show the homogeneous mass of protoplasm containing large 
vacuoles, 15-17 uw in diameter, connected with each other and with the 
capillary invaginations. The peridium is double-walled and the stipe 
is completely differentiated. The only further changes these struc 
tures will undergo is slight shrinkage as the sporangium dries out after 
spore cleavage. 


; 


The formation of capillitial threads has divided the prot 


mass into numerous large, multinucleated masses of what car 
called the sporoplasm (Fic. 2, k and M) The nuclei at this 


present a very different picture than in previous stages. It seems tl 


as protoplasmic condensation continues, the nuclei undergo some change 
and they no longer retain the Crystal Violet as before, but present the 
typical nucleus picture. They are found to contain a_ red-staining 
nucleolus and blue-staining chromatin strands surrounded by an orange 
staining nuclear membrane. With very few exceptions, only this type 
and those which stain only with Orange G are found in the condense: 
protoplasm. ‘The reason for this change in staining properties is wu 
known. Perhaps, since nuclear divisions will begin shortly, this change 
indicates the beginning of a prophase 

The multinucleated masses of sporoplasm left from capillitial forma 
tion begin to be cleaved into smaller and smaller ones Phe cleay 
furrows are formed on the surface of the sporoplasm bounding the 
capillitium and cut into the large protoplasmic masses Phroughout 
cleavage the nuclei are in various division stages and there is 
indication, as yet unsubstantiated, that these divisions are 
nature. As cleavage continues it is noticeably more ady 
the peridial surface than toward the interior (Fic. 2, I 
it is complete, the spores lie pressed together and 
shape. Two nuclei are often seen in some of 
indicate that an occasional cleavage furrow of 
nucleus and encloses it in a single spore \s 
one another and assume their spherical shape, 
markings are formed. This pulling apart is undoubted! 
drying of the now mature sporangium The nuclei 
3 4p in diameter 

Fic. 2, G is a photomicrograph of a mature sporangium showing 
the reniform appearance it has in section The sporangium is filled 
with warted spores and physaroid capillitial threads. 
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hic. 3 \—-H. Photomicrographs of 


of Didymium /ridis. A. Elongate columnar initial filled with vacuolate 


B. Initial as it begins lateral expansion 


lateral expansion of the initial has ceased, 


by the outward and downward expansion of the sporangium 


are present and the first traces of peripheral protoplasmic 


Vol 


sections 


the 


showing 





WELDEN: CAPILLITIUM OF MYXOMYCETES 


DIDYMIUM [IRIDIS 


The external morphological changes which D. /ridis undergoes during 


fruiting are identical with the changes in 2B. gracilis \s nearly as pos 


sible Stages ol this species similar to those of B gractiis were fixed and 


sectioned Fortunately, plasmodia of D. /ridis can be maintained easily 
on oat agar and thus a more complete series of developing sporangia 
could be obtained. 


The first stages of the development the initials are similar 


? ‘ 


every respect to those of B. gracilis (Fic. 3, A) However, the pre 
plasm is not as reticulated, nor do the nuclei retain Crystal Violet a 
tenaciously. The first major change from the pattern described 


Bb. gracilis appears duving the lateral expansion of the sporangiun 


Unlike B. gracilis, the sporangium of J. /ridis expands downward a 


well as laterally and encloses a portion of the stipe ( Kic. 3. ( lk H 
\s subsequent stages prove, it is in this manner that the columella 
D. Iridis develops \n area immediately above the enclosed stipe 
occupying approximately one-third or less of the sporangium is separa 


from the remainder of the protoplasm by a thickened membrane (I! 


is membrane, the area is filled with piece 


3, Dand J). Interior to tl 
of protoplasm which appear to be disintegrating \s the sporangiun 
cle velops, this protoplasm 1s replaced by wl al appeal to be fraved men 


branes and is more or less hollow (Fic. 3, D, J K). In cro 


seen immediately interior to the peridial area \ portion the 


can be seen. D. Section of a sporangium after complete condensation of the prot 


plasm, showing the small capillitial vacuoles, the columella space and the invagina 
tions into the protoplasm. E. Section through a sporangium after the capillitiun 


s mature. F. Cleavage of the protoplasm after capillitial formation, showing tha 


‘ 


I 
cleavage is more advanced adjacent to the columella area and at the periphery tl 


in the interior. G. Sporangium after cleavage has progressed until o1 


ne r tw 


more cleavages will delimit the spores. H. Section of a mature sporangiun 
showing the spores and columella. I. Schematic diagran owing how the 


uit 


I 


lla develop The shaded area is where lime from the condensing protopla 
deposited J—] Schemati diagram repre enting tawe | 
sporangium of Didymiun Phe itlines were draw! 

lucida Nuclei are g atl nlarged and younge! 

their similarity to Badhamia. J. Sporangiun 

vacuoles and the developing columella space whicl 

integrating protoplasn he peripheral condensatior 

Che nuclei show only a nucleolus ; a nucl 


omplete condensation of the protopli 


tions from the columella space and f 
capillitial threads A—-H. Phot 


schematic drawings, 
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section this area and the enclosed stipe appear hollow \s the sporan 
gium develops further this space becomes filled with calcium carbonate 
and contributes to the formation of the columella (see Fic. 3, I for a 


schematic representation of columella development). Henceforth, this 


area will be referred to as the columella space. 


During the expansion of the sporangium and the formation of the 


columella space, the protoplasm of the sporangium proper condenses 
Tubular invaginations from the peridial wall cut into the protoplasm 
(Fic. 3, D and J). Protoplasmic condensation in D. /ridis is much 


more rapid than in B. gracilis, probably due to the large columella 


space which provides an additional large surface from which evaporation 
can take place. No large capillitial vacuoles such as are found in B 
gracilis are present in D. /ridis \gain, this is probably due to the 
presence of the columella area which replaces the vacuoles in functioning 


as an area of deposit of water and waste products. A few small vacuoles 
ional 


are formed, however, and these are no doubt responsible for the occasi 
nodular swellings found on the mature capillitial threads 

The tubular invaginations not only form from the peridial surface 
Space (ic 3. 1). Ie and i F 


other obliquely, giving the 


but also from the surface of the columella 


These invaginations anastomose with each 
appearance of branching in the mature threads. They also connect 
with the opposite surface, t.c., peridial invaginations with the membrane 
of the columella space and the columella invaginations with the peridial 


surface. These numerous tubules rapidly carry away water and waste 


products excreted by the condensing protoplasm to the sporangial sur 
This factor is undoubtedly the major 


face and to the columella space 
reason why LD. /ridis has a calcium-free capillitium 


upon drying, the sides of the empty capillitial threads either w 


\t maturity and 


holly or 


partially collapse, giving the appearance of solid threads 

\fter capillitial formation the columella space is filled with calcium 
carbonate, the surface of the sporangium is covered with this product 
and the protoplasm-——-now called the sporoplasm—has cut 
large, multinucleate masses by the capillitium (Fic 
\s 
cleavage is accompanied by nuclear divisions which appear t 


divisions. In B. gracilis the cleavage furrows are first formed 


Immediately after this stage spore cleavage begins 


surface of the peridium and cleave progressive ly inward 
D. lridis furrows first form not only at the peridial 
at the surface of the columella space (Fic 3, I). 

the columella and the peridium is the last to be cleay 


This would seem to indicate that cleavage furrows form 
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18 more re gular 


where evaporation is occurring. Cleavage in D. [ridi 


than in RB. gracilis, for only rarely is a dividing nucleus included im a 


spore. After cleavage is complete the spores, like those of #. gra 


lie closely appressed and are polyhedral in shape (Fic. 3, G) 


spores pull apart the characteristic spore markings appear 
Fic. 3, H is a photomicrograph of a section through a mature 
sporangium of D. /ridis and shows the columella space, giving some ind 


cation of how it formed. The mature spores and an occasional capillitial 


thread can also be seen. 


DISCUSSION OF RESU'I 


The results presented here for capillitial formation i 
species Badhamia gracilis and Didymium /ridis agre 
with those presented by Bisby (1) for Physarella mira 
monitis fusca and those of Cadman (2) for Didymium nigrips 
prefers to call the vacuoles in Physarella lime-knots and impli 


they are formed by capillary invaginations into the protoplasm. I cannot 


agree with that interpretation; the lime-knots seem to be formed as a 
result of the excretion of calicum compounds into the vacuoles resulting 
from protoplasmic condensatior The manner in which the vacuole 

Badhamia and Didymium are formed is substantially the same as i 
Hemiarcyria and Trichia as described by Harper and Dodge (4) It 


+! 


the former species, however, waste compounds are excreted into the 


vacuoles rather than deposited on the vacuolar surface The capillitial 
threads of Badhamia and Didymium were formed in a different mannet 


from those ol Hemiare rid and Trichia since the lattes pes ies are 


considered to be in « different taxonomic category, this might prove 


to be an additional evidence for maintaining their separation in different 
orders. Howard (5), in his work on Physarum, reports that 
litium of elongated vacuoles of equal diameter characteristic 


species of Badhamuia precedes the formation of a typical physaroid capil 
littum of capillary threads joined to more or less angular lime 
In Badhamia gracilis, whose capillitium is more physaroid t 


hamioid, this was not found to be true The Physarum-like 
and invaginations form directly without any intermediate st 
capillittum of Didymium Iridis is composed almost wholl 
tubular invaginations and any vacuoles present do 
elongate only slightly Harper and Dodge's descriptior 


tha 


formation in other pecies lend upport to the belief 


like vacuoles do not d intil after formatiot 


vacuoles and tubules 
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The method of capillitial formation described here and in 


reports tends to discredit the theories of Zopf (12) and Massee (9) 


is to the manner of capillitial formation. Bisby’s (1) statement that 
the capillitial threads of Stemonitis fusca and Physarella mirabilis are 
hollow, in conjunction with the present results, is not in accord with 
Zopt's theory of the formation of solid capillitial threads. The threads 
of Didymium, which have a very narrow lumen or no lumen at all at 
maturity, are, at first, hollow. There is no evidence that the capillitium 
forms from disintegrating protoplasm remaining after spore cleavage, 
ince the capillitium is formed before spore cleavage begins \lso, it 
eems, all the protoplasm remaining after capillitium formation is 
utilized in the formation of spores during spore cleavage 

Wilson and Cadman’s (11) report that the capillitium of Reticularia 
Lycoperdon arises by disintegration of certain tracts of protoplasm is 
radically different from this and previous reports. Some investigators 
(7, 8) have referred to the capillitium of Keticularia as a pseudocapil 
litium. Perhaps this is the morphological basis for distinguishing be 
tween pseudocapillitium and true capillitium. However, since this 
interpretation of capillitium formation in Keticularia has not been con 
firmed, judgment must be suspended. 

Strasburger (10) believed the capillitium to 
protoplasmic secretion and this interpretation has been 
Harper and Dodge (4) and by Howard (5). This might be 
in Jrichia and Hemitrichia. In Badhamia gracilis and Didymium 
lridis, however, this does not seem to be true The threads arise as 
invaginations from the peridial wall in Badhamia and from the peridial 
wall and columella surface in Didymium. No sculpturing appears o1 
the threads or lime-knots in either species. The caleareous compound 
are excreted into the vacuoles in solution and the water evaporates, leaving 
the calcium carbonate either on the peridium or in the capillitium or bot! 

Krantzlin’s (6) interpretation of capillitial formation resulting fron 
“elateroplasts” has been questioned by Harper and Dodge (4), who also 
attempted an explanation of her result Since no nuclear divisior 
were observed in either Padhamia or Didymium until after capillitial 
formation, it 1s unlikely that any so-called elateroplasts were responsible 
lor formation of the capillitium in either of the species 

The condensation of protoplasm, formation of capillary invaginatior 
ind mode of spore cleavage from what are probably the relatively driet 

lend support to Harper and Dodge’s and Cadman’'s hypotheses 


causes of capillitial formation and spore cleavage 
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SUMMARY 


The de velopment of the capillitium of two species ol Myxomycet 
Badhamia gracilis (Macbr.) Macbr. and Didymium [ridis (Ditm.) Fries 
has been investigated. In Hadhamua gracilis it was found that the capil 
litium develops as a result of anastomoses between tubular invaginations 
from the inner peridial wails and the central vacuoles resulting fron 
protoplasmic condensation. The vacuoles and invaginations in J, gracilts 
become filled with excretory products, some of which remain as calerum 
carbonate after the water evaporates. The capillitium in Did ymiun 


[ridis also is formed by means of tubular invaginations Llowever, 1 


LD. Iridis the expanding sporangium encloses a portion of the stipe whicl 
| gS] £ | | 


helps make up the columella \ more or less concave area 


‘ 


above the 
stipe and in the sporangium is cut off from the rest of the protoplasn 
The protoplasm in this cut-off area disintegrates and the area become 
a portion of the columella. From the columella, tubular invaginatio1 
push out into the protoplasm and anastomose either with the small 


vacuoles which are sometimes formed there, or with the invagination 
from the peridial wall, or with the peridial wall itself. Invagination 
from the peridial wall sometimes connect with the columella Che small 


vacuoles in Didyminm which anastomose with the invaginations are 


probably responsible for the nodular swellings often found on the mature 
capillitial threads Calcium carbonate and other produc ts excreted during 
maturation of this species are not retained in the capillitium but are trans 
ported to the exterior or to the columella 

This work was done in the mycological laboratory of the State Uni 


versity of lowa under the supervision of Professor G. W. Martin 
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SOME FUNGI ON ORCHIDACEAE 
Evita K. CAsu ANvb Atice |. Wat 


During recent years a very large number of fungus specimens col 


lected on living orchid plants by inspectors of the Plant Quarantine 


sranch, Agricultural Research Service, United States Department of 


(griculture, at ports of entry have been referred to the writers for study 


and identification. Some of the fungi found have occurred only once or 
twice, but others have reappeared more or less frequently from year to 
year on interceptions made at the same or different ports of entry. It 
seems worth while to call attention to the more important of these tung, 
particularly to those which appear to be undescribed or previously 
unreported on orchids 

Unfavorable conditions of shipment and storage as well as mechanical 
injuries due to handling are in many cases followed by the development 
of saprophytic fungi, so that the species present on plants when they 
arrive at the port of entry are frequently not those responsible for th 
diseased condition of the host plants. For this reason it is difficult to 
estimate the pathogenic importance of the organisms found. Fung 
commonly found in soil or on decaying fibers, such as Memnoniella 
echinata ( Riv.) L. D. Gall. and species of Stachybotrys and Chaetomium 
are not infrequently present on old orchid leaves. Gliomastix convoluta 
(Harz) Mason and Chlamydomyces palmarum (Cke.) Mason, which 
are widely distributed on decaying plants of various kinds, have also 
been observed among such saprophytes 

In addition to describing several new species, we have commented 
briefly on some fungi which do not appear to fit any described species 
but which have not been found in sufficient quantity or adequate condi 
tion to justily naming Certain species are reported for the first time 
on orchids, and the host range of others is extended to include additional 
genera and species of the family 

Grateful acknowledgment is made to Dr. J. C. Lindquist and Prof 
C. Cappeletti for the loan of type specimens from the Spegazzimi Her 


barium and the Saccardo Herbarium, respectively 
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|. Anthostomella keissleri sp 
Inthostomella sp. Kei 
309. 1918 


Perithecia subglobosa, atra, glabra, in maculis albidis dispersa, 144-2504 in 


dian epidermicde y Is nigt nigt : pseudocly peo circa ostiolun 


> ( 


minusve evoluto, | inconspicuo | 5m perforata; asci cylindrici, 38 


/ 
7“, poro apicali | li interdum paraphysibus hyalinis circumdati 


porae olivaceo-brunneae, late fusiformes usque naviculares, imaequilaterales 


guttulatae, utrinque angustatae, oblique uniseriatae, 9-16 4-6 uw, plerumqu 
caulibus foliisque Orchidearum, Mexi 


Philippinenses 


Perithecia subglobose, black, smooth, scattered in whitened areas on 
leaves and stems, thick-walled, 144-250» in diameter and height, par 
tially emerging from the epidermis which is blackened by a more or 
less well-developed pseudo-clypeus around the ostiole, outer layer of 
perithecial wall made up of pseudoparenchymatic, rather thin-walled, 
angular cells ; asci cylindrical, 38—-75(-—110) * 3-7 w, with an apical pore 
and with or without hyaline filiform paraphyses ; ascospores olivaceous 
brown, inaequilateral, broad-fusiform to navicular, 1—2-guttulate, nar 
rowed at both ends, obliquely uniseriate and slightly overlapping, 9-16 

+-6 », mostly 11-12 K 4-5 yn. 


()n stems, leaves, and flower stalks of Orchidaceae: PBrassavola 
nodosa, Canal Zone (Brownsville, Texas 63780, Mar. 1947,’ EK. ¢ 
Harrison and R. A. Alexander) ; Cattleya percivaliana, Venezuela (San 
Juan, Puerto Rico, 8387, Oct. 1942, L. J. McConnell) ; Oncidium 


0) 


cavendishianum, Guatemala (San Francisco, California, 24, Mar 
1948): O speciosum, Mexico (San Francisco 10912, TYPE, \pt 1937): 
Phalaenopsis sp., Philippine Islands (San Francisco 5164, June 1948, 
N. D. Gardner ) ; undetermined orchid, Costa Rica ( Brownsville 67172, 
Nov. 1948, D. J. Smith). 

xcept for the unnamed species cited by Keissler (9, p. 309) there 
appear to be no species of Anthostomelia or Paranthostomella described 
on orchids. The fungus sometimes lacks a definite, well-developed 
pseudoclypeus, suggesting its possible reference to Paranthostomella 
this feature was noted by Keissler in his unnamed species on Laelia 
However, in the genus Paranthostomella as described by Spegazzini 


(30, p. 42) and emended by Savulescu (22, p. 16) a pseudoclypeus ts 


he date given in citation of specimer roughout is that he interceptior 
and the number in parentheses is the Plant Quaranti rite ption number a 


igned to the specimen at the port of entry 
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completely lacking. The species under study is therefore referred to 
Anthostomella. 


The dimensions of asci and spores in Anthostomella keissleri 
trab { 


are 


close to those of A. sphaeroidea Speg. on Yucca (27, Pp 179), 


tiana Sacc. & Roum. on Agave (17, p. 27, pl. 14, f. 3) and A. maderensis 
Petr. on Aloe (15, p. 107). Since, however, specimens of these non 
orchidophilous species were not available for examination, the fungus 
on orchids is tentatively named as new. It appears to agree with the 
unnamed Anthostomella described on Laelia from Mexico by Keissler, 


and is therefore named for him. 


2. Micropeltis bakeri (Syd.) comb. nov 


Scolecopeltis bakeri H. & P. Syd. Ann. Myc. 15: 232 LY, 
Scolecopeltidium bakeri (H. & P. Syd.) F. L. Stevens & 
Manter, Bot. Gaz. 79: 282. 1925 


Syn 


Thyriothecia superficial, hypophyllous, scattered, scutellate, dar! 


blue-green to nearly black, composed of thin, dark, reticulately inter 
woven hyphae, thinner and paler toward the margin, 0.5—1 mm in diam 
eter; ostiole circular, 20-30 » in diameter, margin irregularly lobed o1 
notched; asci subsessile, cylindrical-fusoid, thick-walled, 2-, 4-, or % 
spored, 90-160(-—192) « 15-20(—25) yw, rounded at the apex ; ascospores 

715 


breaking up into segments; paraphyse 


hyaline, elongate-clavate or elongate-fusoid, straight or curved, 7 


septate, 75 YO | 112) x 4 7 p, 
copious, very thin-filamentous, branched, becoming agglutinated 


On leaves of Batemannia and Odontoglossum chiriquense, Costa 


Rica; Cymbidium sp., Ceylon; Epidendrum sp. and Oncidium sphacela 


? Lycaste sp., Maxillaria sp., Odontoglossum sp., and 


tum, Canal Zone ; 
Oncidium sp., Mexico; 
Scolecopeltis bakeri H. & P 
Aglaia harmsiana, Celtis philippinensis and 
No reports of its occurrence on orchids have 


undetermined orchids, Brazil and Panama 

Syd. was described from the Philip 
pines on leaves of Tetra 
stigma sepulchret. been 
The ascospores are said to measure up to 10y in width, but 
none wider than 7 » were observed in the exsiccati specimens examined 
(Baker, Fungi Malayana Nos. 586, 587) 


up to 15-septate have also been found in the fungu 


found. 


Two-spored asci and spore 


on orchids: other 


wise it is identical with the Philippine species 
The proper disposition of the fungus presents some difficultic 


was described by Sydow as Scolecopeltis and transferred by Steve 


ol the pre 


and Manter to their genus Scolecopeltidium, on the basis 


ence of paraphyses, and following the classification of the Dictyopelt 
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neae proposed by Theissen and Sydow (35, p. 427-428). Both of these 
genera are questionably distinct from Micropeltis, differing according to 
Stevens and Manter in the filiform ascospores, which, as they point out 
(33, p. 267), is not a very satisfactory distincton. In the type species 
otf Scolecopeltis, S. tropicalis Speg., the spores are reported as 15 
+5 », proportions which can scarcely be accurately described as “fili 
form.” The breaking up of spores into segments is likewise a variable 
character, as is the presence or absence of paraphyses, which tend to 
disappear or become agglutinated into an indistinguishable mass. In 
view of the slight and inconstant characters on which Scolecopeltis and 
Scolecopeltidium were founded, both genera might well be considered 
to be synonyms of Micropeltis. Scolecopeltis bakeri is therefore trans 
ferred to this genus, 

\nother species differing from M. bakeri in its shorter ascospores 
has recently been noted by D. P. Limber on Dendrobium aureum from 
India (Hoboken 17358). The blue-green scutellum is 350-400 » in 
diameter; the asci are fusoid, 80-180 x 20-25 », surrounded by num 
erous filiform paraphyses; the spores are cylindrical-fusoid, 7-septate, 
narrowed at both ends, 37-48.4 * 7-8.5y. The material is inadequate 
in quantity for a satisfactory determination, but the characters of the 
fungus do not appear to agree completely with descriptions of any spe 


cies of Micropeltis, Scolecopeltis, or Scolecopeltidium found. 


3. Mycosphaerella cattleyae sp. nov. (Fic. 1) 


‘ 


Perithecia in maculis rotundis pallidis depressis hypophylla, brunnea, subglo 
bosa, ostiolata, 90-1504 in diam. et altitudine; asci numerosi, clavato-cylindrici 
apice rotundati, breve pedicellati, octospori, 45-66 * 7-ll4u ascosporae irregu 
lariter bise riatae, fusoideac usq uc aleust clav itac, hyalinae bicellulares, non 
constrictae, 13 17 Z pf 


In foliis Orchidearum, Guatemala, Costa Rica, Canal Zone et Mexix 


Perithecia hypophyllous, immersed, densely aggregated in pale round 


or elliptical sunken spots 1-3 cm in diameter or sometimes confluent, 


and surrounded by a heavy brown margin, usually gray above and brown 
beneath, dark brown, subglobose, 90-150 » in diameter and height, with 
wall consisting of several layers of brown thick-walled cells and an 
inconspicuous ostiole; asci numerous, clavate-cylindrical, rounded at 
the apex and narrowed to a short pedicel, occasionally somewhat me- 
dianly constricted with four spores crowded at each end, 8-spored, 
15-66 X 7-11; ascospores irregularly biseriate, hyaline, fusoid to 
narrow-clavate, straight or curved, acute at the ends, 4-guttulate to 
l septate, not constricted, 13 17 K o~— jn: paraphy soids subhvaline 


On leaves of Orchidaceae: Cattleya aurantiaca, Guatemala (San 
Francisco, California, 16732, Jan. 1940, W, H. Wheeler) ; C. skinnert, 
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/ pidendarun rad 


2. Phyllostictina pyriformis on Schomburgkia, Grand Cayman 


Indies, x 2 inthostomella keissleri on Brassavola 
4. Septoria selenophomoides on Cymbidium devomanum 
orchidophila on Oncidium splendidum, Guatemala, 


Figs. 2-5, R Taylor ) 
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Guatemala (San Francisco 17183, S’:\:. 1940, W. H. Wheeler), and 
Costa Rica (Hoboken, New Jerse), :634, June 1941, D. P. Limber 
on C, sp., Canal Zone (Laredo, Texas, 36811, type, June 1945, J. B. R 
Leary) ; Epidendrum radicans, Costa Rica ( Miami, Florida, 1309, June 
1939, A. S. Mills), and Mexico (San Francisco 15004, May 1938, W. H 
Wheeler) ; on Laelia sp., Guatemala (Brownsville, Texas, 62637, Oct 
1946, D. J. Smith) 

The narrow spores distinguish the species from others of the genus 
found on Orchidaceae. 

A species of Mycosphaerella with biconic ascospores has been ob 
served several times on intercepted orchid specimens: Miltonia ve-xillaria 
from Colombia, Cymbidium elegans from India and an undetermined 
orchid from Brazil. The perithecia of this fungus are hypophyllous, 
evenly distributed over large spots which are at first brown, becoming 
paler to nearly white in the center, with a well-defined border, 150-175 » 
57 X 13-15 p, 


abruptly narrowed to a short pedicel, broadly rounded to slightly obtuss 


in diameter; asci subglobose at first, then clavate, 50 


at the apex, rarely curved ; ascospores hyaline, bicellular, not constricted, 
irregularly biseriate, fusoid-biconic, 15—-17.5(-—20) * 54y, the upper cell 
slightly broader than the lower, surrounded by a gelatinous sheath 0.5 » 
thick. More adequate material is needed for identification of this fungus 

Other fungi apparently belonging to Mycosphaerella and different 
from the two species discussed above have been found on orchids, but 
in each instance only one rather poor specimen has been examined. A 
species with fusoid asci, 70-75 x 12-15 yp, and large, subhyaline, curved 
spores, 20 28 x 4 © p, was observed on Odontoglossum grande inte! 


cepted from Guatemala. - Another Mycosphaerella on a specimen of 


Cymbidium giganteum from India we have tentatively referred to M 
calceoli Kirschstein & Kirulis, described (11, p 210) from Latvia on 
Cypripedium calceolus, a species characterized by its small asci and 


spores. 


+. Ophiodothella orchidearum sp. nov. 


Perithecia in maculis pallidis dispersa, subepidermalia, membranacea 
brunnea lenticularia usque depresso-globosa, 300-5004 in diam., 200-300 
ostiolo brevi, pseudoclypeo nigro circumdata et poro 254 in diam. praedit« 
arcuati vel recti, cylindrico-fusoidei, stipitem brevem versus et ad apicem 
tiorem rotundatum attenuati, octospori, 65-95 X 6-94; ascosporae elongatae, 
vel spiriliter tortae, multiguttulatae usque 3-12-septatae, hyalinae usq 
culae, 55-66 18-3; paraphyses filiformes, flexuosae, guttulatae, 

‘ 


In caulibus, scapis et pseudobulbis Orchidearun Venezuela, Color 


mala, Brasilia, Insulae Philippinenses et Mexico 
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Perithecia scattered over pale, dark-margined spots on undefined 
whitened areas of leaves and stems, subepidermal, dark brown, mem 
branaceous, lenticular to depressed-globose, 300-500 » in diameter, 200 
300 » high ; with a short, inconspicuous ostiole and pore 25 « in diameter, 
the blackened host tissue surrounding the ostiole forming a pseudo 
clypeus; asci arcuate or straight, cylindrical-fusoid, abruptly narrowed 
to a short stipe and toward the narrow, rounded apex, 8-spored, 65-95 

6-9 »; ascospores elongate, straight or spirally twisted in the ascus, 
multiguttulate to 3-12-septate, often slightly constricted about one-third 
the length from each end, hyaline to pale greenish, 55-66 * 18-3»; 
paraphyses filiform, flexuous, guttulate, hyaline, 1—1.5 p 

On stems, flower stalks, flower scapes, and pseudobulbs of Orchida 
ceae: Cattleya mossiae, Venezuela; C. sp., Venezuela and Colombia 
Laelia superbiens, Guatemala (San Francisco 18940, type, Feb. 1945, 
W. H. Wheeler) ; Laelia sp., Brazil; Odontoglossum uroskinneri, Gua 
temala; Oncidium bicallosum, O. cavendishianum, O. leucochilum 
O. splendidum, Guatemala; Phalaenopsis schilleriana, Philippine Is 
lands; Sobralia xantholeuca, Mexico; S. sp., Guatemala; undetermined 
orchid, Mexico 

Dark hyphae invading the host tissue around the ostiole form a 
more or less conspicuous pseudoclypeus, and for this reason the fungus 
has been assigned to Ophiodothella, rather than Ophiobolus. Since 
Linospora subtropicalis Speg. appeared from the description (28, p 
103) to be similar, the Ophiodothella was compared with type material 
(Spegazzini Collecciones Micologicas 884, on Oncidium, Salta San 
Lorenzo, Apr. 2, 1905) examined through the courtesy of Dr. J. ¢ 
Lindquist No asci or spores could be found in the microscopic mount 
made from the type of L. subtropicalis; however, the superficial peri 
thecia, devoid of any suggestion of a clypeus, provide sufficient evidence 


that it is a different species 


5. Paranthostomella microspora sp. nov 


Perithecia atra, subglobosa, membranacea, aculis albis atromarginz 


persis, ostiolo leniter protruso clypeo carenti. 12~] 270) uw 
cylindrici, 34-600 4, paraphysibus filamentosis 


viridulae, dein olivaceobrunneae, ellipsoideae usqu 


» 4 
H(—8) (-4) gw 


In foliis caulibusque Orchidearum, Venezuela, Guatemala et Mexic 


Perithecia black, subglobose, scattered in white, black-bordered spot 
on leaves and stems, immersed, with ostiole slightly protruding, wall 
15 20 pw thi k, composed ot dark brown pseudoparenchyma, 112-150 


? { 


(—270) mw in diameter ; asci cylindrical with apical pore, 34-60 * 3-4 p 
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ascospores pale greenish at first, becoming olivaceous brown, ellipsoid 


to navicular, inaequilateral, with obtuse ends, obliquely uniseriate, 


xX 2-3(-4) p»; paraphyses filiform, hyaline. 


and leaves of Orchidaceae: Cattleya lueddemanniana 


Venezuela (San Juan, Puerto Rico, 8/27, Jan. 1942, L. J. McConnell 


Laelia anceps, Mexico (Brownsville, Texas, 64903, type, July 1947 
Laeha sp., Mexico (Brownsville 48130, June 1941, FE. P. Reagan et al 
Mar. 1947, 


(On stems 


Oncidium wentworthianum, Guatemala (Brownsville 62727. 
DD. |. Smith). 

The fungus differs from most species of the genus in the small asci 
and spores and from Anthostomella bromeliae Starb. (32, p. 61) in the 


presence of paraphyses 


6. PHYSALOSPORA 


The species of this genus found on intercepted orchids fall into three 
(1) 
those with spores less than 20, in length, which we have referred to 
Physalospora wildemanmiana Sacc.; (2) those with ascospores between 
20 p and 25 » long, to P. camptospora Sace.; and (3) one specimen with 
29 x 3.4-4») on Laelia from Guatemala (San 


convenient groups on the basis of the dimensions of the ascospores 


very long ascospores (25 
Francisco 20778 ). 

We have had no opportunity to examine type material of the species 
of Physalospora described on orchids, but judging from the descriptions 
and available specimens, ?. cattleyae Maubl. & Lasnier (13, p. 171, pl 
12) does not appear to differ from P. camptospora Sacc. (18, p. 127, 
pl. 3, f. 1); as described, P. orchidearum P. Henn. (5, p. 170) cannot 
be distinguished from P?. wildemanniana Sacc. (18, p. 128, pl. 3, f. 2) 
The names having priority of publication have therefore been used 

The fungus referred by us to Physalospora camptospora Sacc. has 
been found on species of Cattleya from Guatemala, Coelogyne from 
India, Dendrobium from Australia, Oncidium trom Colombia, and Laelia 
have determined as 


and Stanhopea from Mexico. Specimens which we 
( attle Vd, 


P. wildemanniana Sacc. are on hosts of the following genera 
Cymbidium, Dendrobium, Epidendrum, Laelia, Lycaste, Oncidium, 
Phalae nopsis, Stanhopea, Tru hopilia, and |’ anda; the localities include 
Mexico, Guatemala, Trinidad, Dominican Republic, Colombia, Vene 


zuela, India, Siam and the Philippine Islands 


7. Valsella pedicellata sp. nov 


Perithecia in stromatibus valsoide1 areis a! 
marginatis aggregata, singula vel 2-3 im stro quoque caespitosa, 250-300 w in 
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subglobos atra, parict bus 1 ris carbonaceis plecten hymaticis, 40-50 u 

is, crassis, integris, periphysibus hyalinis intus vestitis, u 

subplanum primo album dein hyphis nigris tectum emergentibus; asci clavati 

clavato-cylindrici, interdum subsessiles | saepius | pedicellati, poly 

i, 75-100 (p. sp. 50-60) 12-15 4; ascospo ibhyalinae, in massa brunnea 
allantoideae, 4-6(-8) 0.7-1 wu; paraphyses 


In foliis caulibusque Orchidearum, Guatemala, Mexico 


stromata valsoid, blac k, scattered over whitened areas of stems and 
leaves, 0.4-0.5 mm in diameter and height, bordered by a black lin 
evident on the surface; perithecia solitary or 2-3 to each stroma, 250 
300 in diameter, subglobose, walls black, carbonaceous, plectenchy 
matic, ostioles short, thick, entire, lined with hyaline filamentous periphy 
ses, emerging on a more or less flattened disk which is white when 
exposed but more often covered by black hyphae; asci clavate to 
clavate-cylindrical, sometimes subsessile but often long-pedicellate, myrio 


sporous, 75-100 (p. sp. 50-60) «x 12 5p; ascospores subhyaline, 


brownish in mass, allantoid, 4-6(-—8) * 0.7-1 »; paraphyses not seen 


On leaves and stems of Orchidaceae: Odontoglossum sp., Mexic 
(Laredo, Texas 38343, Feb. 1946, T. P. Chapman); Oncidium am 
pliatum, Canal Zone (San Francisco, California 30036, k. V. Lehner & 
KF. M. Thompson, Feb. 1953); O. cavendishianum, Guatemala (San 
Francisco 23040, Mar. 1947, F. L. Blanc); O. splendidum, Guatemala 
(San Francisco 1/898], type, Mar. 1945, W. H. Wheeler); Vanda 
coerulea, Siam (San Francisco 24925, Apr. 1948, N. D. Gardner) ; 
undetermined orchid, Mexico (Laredo 4168U, Nov. 1946, R. M. Fouts 

No species of Valsella has been described on orchids, The incon 
spicuous stromatic development and pedicellate asci suggest Crypto 
sphaerella, but the delimiting black line surrounding the valsoid stroma 
seems to place the fungus in lalsella rather than in the former genu 
Although Berlese characterizes the asci in /lalsella as se 
scribes and illustrates two species, l’. amphoraria (Nit 


padina Sacc. and I. alnicola Berl. (2, p. 107, pl. 133) with pedicellate 


ascl 


8. Phyllostictina pyriformis sp. nov. (Fic 


Pycnidia amphigena 


vel ellipsoideis aequaliter et subden vel interdum super superficiem 
dispersa, depresso-globosa, 150-2004 in diam., ostiolo prominenti 10 
pertusa, pariete e cellulis magnis irregularibus crasse tunicatis composit 


| ‘ 


fusco vel fere nigt matricen elatinosam sporogenam circumdant: poridia 


mum histogenice e paricte nata in ex apicibus conidiophororum cylindricor 


usque subuliformium 1-2-septatorum, simplicium, 10-15 * 1-1.5 singulatim ori 


undia, late ellipsoidea usque subpyriformia vel irregularia, granulosa, saepe uni 
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guttulata, 9-12 * 5-7(-10) uw, conidiophoro persistenti et saepe apice appendicula 


brevi filiformi praedita 
In foliis caulibusque Orchidearum, Mexico, America Centralis et Australis 


Insulae Atlanticae et Pacificae, iudia et Australia 

Pyenidia amphigenous, more frequently hypophyllous, evenly but 
rather densely scattered over large circular to ellipsoid pallid spots, 
sometimes distributed over most of the leaf surface, depressed-globose, 
150-200 » in diameter, with prominent ostiole 10-15, in diameter ; 
pyenidial wall made up of large irregular thick-walled cells, dark 
greenish-brown to nearly black, enclosing a gelatinous matrix from 
which the first spores develop histogenically ; conidiophores later devel 
oped, cylindrical to subulate, 1—2-septate, unbranched, 10-15 « 1-1.5 p; 
spores broadly ellipsoid to subpyriform or irregular, granulose, fre 
quently with one large guttule, 9-12 x 5-7(-—10) yw, with the conidio 
phore often remaining attached and frequently having a filiform appen 
dage at the apical end 

On leaves and stems of Orchidaceae: Arundina bambusifolia, Costa 
Rica; Cattleya skinneri, Guatemala; Coelogyne sp., Philippine Islands ; 
Cypripedium imsigne, India; Cypripedium sp., Japan; Dendrobium ca 
naliculatum, Australia; D. phalaenopsis, Australia and Philippine Is 
lands ; DV. schuetzei, Philippine Islands; ). undulatum, Australia; 1). sp., 
Australia, Samoa, and Haiti; Epidendrum fragrans, Jamaica; £:. sp., 
Mexico ; Jacquiniella sp., Canal Zone ; Laelia anceps, Mexico; Oncidium 
Canal Zone; Schomburgkia tibicinis, Mexico; S. sp., Grand Cayman 
Island, British West Indies (Hoboken, New Jersey 4249, tyre, May 
1945, H. L.. Sanford); Stanhopea sp., Costa Rica; and undetermined 
orchids, Honduras and Canal Zone. 

In view of the histolysis of the pyenidial parenchyma and the appen 
diculate spores, we are tentatively placing this fungus in Phyllostictina 
although with some hesitation, since conceptions of the genus held by 
various authors differ. Our fungus agrees with the characters described 
for Phoma citricarpa McAlp., the pyenidial stage of Guignardia citri 
carpa Kiely, as described by Darnell-Smith (3) and Kiely (10) 
According to Kiely (10, p. 260), Shear expressed the opinion that 
Phoma citricarpa should be placed in Phyllostictina, but the formal 
transfer to that genus was not made until 1953 by Petrak (16, p. 115) 

Phyllostictina murrayae Syd., the type of the genus, was described 
by Sydow (34, p. 185-186) on leaves of Vurraya koenigit from India 
Neither Sydow nor Hoehnel, who later studied the type and emended 
the genus (6), found conidiophores, the latter author assuming that they 


had been present but had disappeared In P. pyriformis conidiophores 


are present in some mat rial examined, while in other cases the spores 
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are produced by histolysis. A transformation of the pycnidial wall from 
pseudo-parenchyma to spore-bearing hyphae, similar to the process de 
scribed and illustrated by Darnell-Smith (3, pl. 89) for Phyllostictina 
citricarpa (McAlp.) Petr., presumably takes place in P. pyriformis 

The gelatinous cap on the apical end of the pycnospore, which later 
contracts and becomes a filiform appendage, is also variable in 2’. pyr 
formis, being present in some cases, while no trace of it can be observed 
in others. These appendages have been reported by Darnell-Smith (3) 
and Kiely (10) in Phyllostictina citricarpa, by Shear (24, p. 316, and 
25, p. 14-15) in P. vaccinii Shear, and by Guba (4) in Phyllosticta 
solitaria Ell. & Ev 

Shear (26) restricts the form-genus Phyllostictina to the pycnidial 
stages of Guignardia. An immature ascomycete which is present occa 
sionally associated with Phyllostictina pyriformis on orchid leaves has 
never been found in sufficient quantity or mature enough condition to 
afford even a guess as to its generic position. This may possibly b 
one of the two spec ies of G uiqnardia reported on the Orchidaceae 
namely G. microsticta Sace. (21, p. 75) on Cattleya from France or 
G. traversi (Cav.) Sacc. & Trott. (21) (Laestadia traversi Cav 
Longob. Exsicc. 231), found on Vanilla planifolia in Italy 

Two species of Phyllosticta described on orchids appear to resembk 
Phyllostictina pyriformis in the size and shape of the pycnospore 
Phyllosticta cymbidii Sawada on Cymbidium aloifolium from Formosa 
(23, p. 62, pl 3, f. 18) and P phalae nopsidis Marchal & Verplancke 
(12, p. 22, fig. 5), but no material of either has been available for exami 


nation, and from the brief descriptions (the former in Japanese), it was 


not possible to identify our fungus definitely with either one of these 


spec ies 


9. Phomopsis orchidophila sp. nov. (IIc. 5) 
Pycnidia in maculis pallidis linea atra angusta margi 
denique erumpentia, atra, stromatica, lenticularia, 100-200 p 
e textura atro-brunnea ad basim pallidiore, ad apicem 
? 


conidiophoris subuliformibus 10-1 2-34 vestita; 


interdum in pycnidio singulo praesentibus 
acutis, hyalina, Zz guttulata, 4-8 xX ] 
0.5—1 pw 

In caulibus, foliis vaginisque Orchidearum, Mexico 


Colombia, Venezuela, India, Australia et Insulae Pacifica 


~venidia scattered over pale spots usually margined by a thin black 
| | £ 
line, immersed then erumpent, black, stromatic, lenticular, 100-200 » in 
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diameter, 75-100 » high, pseudoparenchymatic, paler at the base, dark 
brown and thicker above, lined with subuliform conidiophores 10-15 


2-3 »; A-spores ellipsoid-fusoid, with subacute ends, hyaline, 2-guttulate, 


+8 X 1.5-3 »; B-spores filiform, hyaline, hamate, 16-30 * 0.5-1 p, both 


kinds sometimes present in a single pycnidium 


On stems, leaves, and flower-sheaths of Orchidaceae: Catasetum 
viridiflavum, Canal Zone: Cattleya gigas, Colombia: C. mossiae, Vene 
zuela; C. sp., Colombia; Coelogyne barbata, India; Cymbidium alot 
folium, India; Dendrobium atroviolaceum, Australia; D). sp., Solomon 
Islands; Epidendrum atropurpureum, Mexico; Laelia anceps and I 
A/ 


gouldiana, Mexico; Oncidium crispum, Guatemala; O plendidum, 


Guatemala (San Francisco 23/17, type, Apr. 1947); O. tigrinum 
Mexico; O. wentworthianum, Guatemala; Stanhopea (?), Guatemala; 
Vanda coerulea, India; V. sanderiana, Philippine Islands, and undetet 
mined orchid, Trinidad 

It is possible that this Phomopsis is synonymous with P. calanthes 
Sace., the only species of the genus found reported on orchids, but its 
identity with this species could not be established from the brief descrip 
tion (20, p. 209) The A-spores of the two fungi are very similar in 
size and shape; no measurements of B-spores of P. calanthes are given 
by Saceardo. Type material of the latter species from the Saccardo 
herbarium, loaned to us for comparison, through the courtesy of Prot 


C. Cappeletti, showed only empty pycnidia 


10. Septoria selenophomoides sp. nov. (hic. 4) 


Pycnidia in maculis circularibus olivaceo-viridulis usque bubalinis indefinitis 
ageregata, amphigena, saepius hypophylla, subepidermalia dein erumpentia, brunnea 
pseudoparenchymatica, primum parvo-ostiolata, in maturitate late aperta, pariete 


1 


cellulis cubicis vel ovoideis composito, 86-3004 in diam.; conidiophora hyalina, 


subulata, 4-7 1-24: conidia singulatim oriunda, hyalina, bigeneria; alia brevia 


continua, curvata, 5-6 * 1 uy, alia longioria, filiformia, continua vel uniseptata, recta 
curvatave, rare sigmoidea, extremos obtusos versus attenuata, 12-22 * 0.7 
lerumque 12-1 lw, in cirrhis albidis emergentia 

In foliis Orchidearum, Mexico, Guatemala, Brasili olombi \nglia, India, 


et Japonia 


Pyenidia aggregated in circular olive-greenish to buff spots without 
well-defined border, visible on both leaf surfaces, amphigenous but more 
often hypophyllous, subepidermal, then erumpent, brown, pseudoparen 
chymatic, at first with a small circular ostiole, later opening widely at 
maturity, wall formed of several layers of cubical to ovoid cells from 
which the conidiophores develop, 86-300 » in diameter ; conidiophores 
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hyaline, subulate, 4-7 x 1-2: conidia hyaline: filiform, borne singly 
of two types: microconidia short, continuous, curved, 5—6 * 1 yw; macro 
conidia longer, filiform, continuous or uniseptate, straight or curved, 


rarely sigmoid, narrowed toward the obtuse ends, 12-22 * 0.7-1 p», usu 


1 
ally 12-15 & ly, emerging in white cirrhi. 


On leaves of Orchidaceae: Brassia verrucosa, Guatemala; Bulbo 


] ] 


phyllum mapellu, Brazil; B. sp., India; Cattleya citrina, Mexico 


Coelogyne cristata, India: ( lata, India; Cymbidium devonianum 
C. pendulum, C. whitiae, India; C. sp., England; Cypripedium insign 


le, Brazil 


and C. sp., India; Dendrobium ashworthiae, “england; D. no 
LD. phalaenopsis schroederianum, England; D. sp., Japan; Epidendrun 
cochleatum and FE. fragrans, Guatemala; Laelia tenebrosa and L. sp., 
Brazil; Masdevallia iqnea, England; Miltonia reqnelu, Brazil; Odonto 
glossum bictoniense, Guatemala: O. citrosum, Mexico: O. cordatum 
Csuatemala; O. uroskinneri, Guatemala; O. sp., Mexico (Laredo 51860 
rypE, Nov. 1951, A. H. Lewis) ; Oncidium rogersu and O. speciosum 
Brazil; O. wentworthianum, Guatemala; O. sp., Guatemala and Brazil ; 
Stanhopea sp., Mexico; undetermined orchids, Mexico, Guatemala, and 
Colombia 

Many of the collections listed above were determined by us during 
past years under other names, the two spore-forms having been consid 
ered as separate species. We sometimes labeled specimens in the micro 
spore stage Selenophoma or Phyllosticta; the structure of the pycnidia 
and the curved spores are strongly suggestive of the former genus. ‘Th 
macrospore condition we have frequently determined as Septoria poss 
kensis Sacc., to which it shows close resemblance \fter sufficient 
material had been examined, it eventually became clear that the two 
forms belong to a single fungus, both stages being present in some 
instances in the same pycnidium. Hoth short and long spores developed 
in culture. In the structure of pycnidia and in the conidiophores and 
two types of pycnospores the fungus greatly resembles Sprague’s illu 
trations of some of the species of Septoria on grasses (31, pp. 238, 
240, 248). 

Cultures of this fungus from a specimen of Odontoglossum from 
Mexico (Laredo 51/860) were made on potato dextrose agar Pale 
gray, very restricted aerial mycelial growth developed and pycnidia and 
spores were produced soth short and long spores were formed, the 
latter simple or occasionally one-septate, with rather blunt ends, and 
slightly longer and broader than those found in nature 

\mong the descriptions of species of Septoria on orchids, our fungu 


most nearly resembles that of S. posekensits Sacc., found on an undetet 
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mined orchid from Siberia (19, p. 274 For that reason the fungus 
found on many genera of orchids intercepted from various localities was 
for some years referred to that specie The thin-walled pycnidia, 


‘latively short, 


densely aggregated on greenish olivaceous spots, and re 
very slender spores are characters agreeing with those of § 
from which S. selenophomoides differs chiefly in the larger, more 
opened and hypophyllous pycnidia, and the occurrence of microconidia 
Type material of Saccardo’s fungus was not available at the Saccardo 
Herbarium, so that a comparison with it was impossible 

Septoria thelymitrae McAlpine on Thelymitra aristata in Australia 
(14, p. 101) has broader spores and smaller, black pycnidia growing on 
whitish, dark-margined spots S. orchidearum West 37, | 
differs in pointed spores \ll of the other species of Septoria 1 
on the Orchidaceae have longer spores 


It is possible that Phyllosticta nigro-maculans Sacc., described on an 


unnamed orchid from Brazil (18, p. 129, pl. 4, f. 5), may be identical 
with the microspore stage of Septoria selenophomoid The short, 
curved spores are close in shape and dimensions. The black mycelium 
described by Saccardo is, however, absent from our specimens 

Since type material of neither of Saccardo’s species, Phyllosticta 
nigro-maculans and Septoria posekensis, could be obtained for com 
parison, it has seemed advisable to describe the fungus we have found 
on intercepted orchid material as a new species, which we have named 
S. selenophomoides because of the resemblance of the microspores to 


those of that genus. 


11. Camarosporium orchidicola sp. nov 


Pycnidia in areis albidis linea atra definitis ispersa idoparenchymatica 
atra, erumpentia, depresso-globosa usqt subconica, 100-300 4 in diam.. 100-150 u 
alta, apice irregulariter dehiscentia; comidiophor: onspicua, hyalinia, cylindrica 
10 lw; sporae rubro-brunneae, aliae subglobos: in medio uniseptatac, lul 
longitudine interdum irregulariter radiatim vel cruciatim 

6(-8) w, alia oblongae vel ovatae, horiz mitaliter 
longitudine septatis, non constrictae, 9-14(—18) 
In caulibus foliisque Orchidearum, Mex 


et Australia 


Pyenidia scattered over whitened areas of stems and leaves, sur 


rounded by narrow black lines, black, pseudoparenchymatous, erumpent, 


depressed globose to subconical, 100-300 x 100-150 », breaking open 


irregularly, narrowed toward the apex but not acute; conidiophores 


indistinct, hyaline, cylindrical, simple, 10 * 1»; spores reddish-brown, 
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some globose with one horizontal septum near the center and one or 


rarely both cells longitudinally septate, or irregularly cruciately or 
radially divided, 5 Ss ( 1] } 5 6(—3) B, other spores oblong or ovate 
with 3 horizontal septa and center cells longitudinally septate, 


18) Xk 6-9» 


not cor 


stricted or rarely slightly so, 9-14( 


solid 


On stems and leaves of Orchidaceae lrundina ( ?bambu 
Costa Rica ; Brassavola nodosa, Canal Zone : Cymbidium canaliculatum 
\ustralia; Epidendrum sp., Mexico; Laelia gouldiana and I 
Mexico; Odontoglossum insleayi, Mexico; Oncidium sp., Honduras 


(San Francisco 6980, type, Feb. 1936, R. D. Clemens undetermined 


orchid, Mexico 
No reports of Camarosporium occurring on orchids have been found 
ot ¢ aequi 


na yalt 


The spores of C. orchidicola agree in dimensions with those 
but differ in the reddish brown color. The lattes 


species has been reported only on Artemisia and Tanacetum in Europe 


vocum ( Pass.) Sac« 


12. GLOEOSPORIUM and CoLLETOTRICHUM 


Verplan ke (36) listed 35 Sper ies of Gloeosporium and coll 


trichum on the Orchidaceae and others have been described the 


twenty years since his tabulation was made. Many of these species ap 
parently were named chiefly on a host basis, from their occurrence on 


certain genera of orchids, and cannot be differentiated by morphological 
characters such as dimensions of acervuli, setae or spores. For example, 
Verplancke’s list includes 20 species of the general type of Colleto 
trichum orchidearum which differ to some degree in the size of the 


acervuli and length of conidiophores, but in all of which the spore 


range from 14 to 20 p in length and 4 to Ow in wW idth It seems highly 


improbable that these are all distinct speci and a few have already 


been reduced to synonymy by various authors. However, much investi 


gation will be necessary, including examination of type specimen where 


is orchid genera before the 


available and cross inoculations among variou 


nomenclature of these fungi is on a stable basi 


Some species of Colletotrichum and Gloeosporium on orchid 


undoubtedly pathogens, as is the case with species of these genera c: 


ing diseases in other host plants, but it 1s evident that m much 
the fungi 


ot 


material examined, intercepted from imported orchid 
developed saprophytically on plants injured by other organism 


weakened by unfavorable conditions of shipment It is obviously in 


possible to estimate the pathogenic importance of the fungi concerned 


from the examination of a few leaves collected at the port of entry ane 
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sent in for determination. Until further taxonomic study of the species 
of these genera found on orchids has been made, it does not seem 


advisable to attempt specific determinations 


13. Septonema intercalare sp. no 


(onidiorum catenae dense compactae massas atras pulverulenta 
matricis efformantes, e 2—3 cellulis basalibus subglobosis, toruloidetis, vi 
34 in diam. oriundae, 150-175 w longae plices vel 2—3-furcata 

parvis intercalaribus compositac um rumpente 
rasse tunicata, oblongo-ellipsoidea, pallide olivacea 
unicellularia usque ; 
intercalaribus exclusis) ; 
linae, ad apicem conidii oriundae et persistent 
In foliis, caulibus, et pseudobulbis Orchidearum, Mexico 


Zone, et Venezuela 


Closely compact chains of cells forming pulverulent masses on the 


host surface ; no well-developed conidiophores, the conidial chains origi 


nating from 2-3 toruloid, subglobose, pale greenish-brown basal cells 


— 
/ 


2-3 in diameter; conidial filaments 150-175, long, simple or 2-3 
branched ; conidia thick-walled, oblong-ellipsoid, at first pale olivaceous, 
hecoming dark brown, simple to 5-septate, developed acropetally, 11-25 

t+-6 », mostly 12-14 kK 5-6 yp, excluding the intercalary cells; inter 
calary cells 1-2, globose, 2—3 » in diameter, hyaline to subhyaline, devel 
oping at the distal cell of each conidium and remaining attached to the 
conidium after the chain breaks up; branching of chain occurring where 
two intercalary cells are formed on a single conidium and a new 


conidium is developed from each 


On leaves, stems and pseudobulbs of Orchidaceae: Cattleya bow 
ringiana, Canal Zone (San Francisco, California, 26493, Nov. 1949, 
\. S. Johnson); Laelia sp., Venezuela (Brownsville, Texas, 62939 
rype, Oct. 1946, R. A. Alexander); Odontoglossum sp., Costa Rica 
(San Francisco 27438, Nov. 1950, L. J. Lefebvre and F. M. Thomp 
son); Oncidium sphacelatum, Mexico (El Paso, Texas, 5/249, Aug 
1948, EE. Smith). 

Septonema intercalare appears to be distinct from other species of 
the genus in the presence of intercalary cells separating the conidia and 
persisting at the apical end of each conidium after the chains have fallen 
apart. In S. toruloides Berl. (1, p. 103, pl. 10, f. 18 20) and in Torula 
herbarum (Hughes 7, p. 635) the differentiated cells present are ot the 
same diameter as the other cells of the conidia, differing in their darker 
color and roughened walls, while in S. intercalare the connecting cell 


are much smaller smooth and hyaline, 
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14. SEPTONEMA ORCHIDOPHILUM Speg. var. longisporum var. nov 


Caespituli parvi dispersi vel areas atras pulverulentas 1-2 mm diam. efhcient 


midiophori inconspicui, breves, pallide viridi-brunnei, septati, 10-1 
conidia in catenis simplicibus | ramosis mox rumpentibus acr 

drica, apicibus rotur 5 

lide olivacea dein 

longioribus differt 


In foliis et vaginis floralibus Orchidearum, Guaten 


Forming small punctiform tufts or larger effuse bl: ulverulent 


patches 1—2 mm in diameter ; conidiophores scarcely evident, short, pale 


) 


greenish-brown, septate, 10-15 3; conidia in simple or rarely 


branched chains which break up readily, cylindrical-ellipsoid, rounded 
or slightly obtuse at the ends, 10-20(—26) x 4-5(-6) yp, 1-6-septate, 
somewhat constricted at the septa, pale olivaceous at first, becoming 
dark brown, developing acropetally by the budding of the distal cel 
of the terminal spore, the lateral chains similarly produced from lateral 
budding, the basal cell of the chain being the first formed 

On leaves and flower sheaths of Orchidaceae Cattleya dowiana 
Costa Rica (San Francisco, California, 25406, Nov. 1948, A. S. John 
son); C. skinnert, Guatemala (Brownsville, Texas, 66088, Apr. 194% 
and Costa Rica (San Francisco 18446, Dec 1943, W H. Wheeler 
Oncidium sp., Mexico (San Francisco 2263], Tyre, Jan. 3, 1949 
\. S. Johnson ) 

Except for the longer spores, the fungus agrees in essential featur 
with the description of Septonema orchidophilum Speg. (29, p. 43% 
described on Oncidium in Argentina, and ts therefore tentatively re 


ferred to that species as a variety 
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TWO NEW SPECIES OF CHAETOMIUM AND 
ONE NEW HUMICOLA SPECIES 


| 


Che effect of manganese, 
1. tf 
group of tungi isolated ft 
vestigated by the author (9) 
two species of Chaetomium at 
edge o ie author. | 
cerning the role of 
by the author Zit 


vecies mentioned 


In 1948, 
Petit pe i¢ 
the same author 
of the remaining 
wi ich have appe irecd Ince 
minum were treated, and the 
through synonymy were re 
the resul 
paper at Skolko 
identifying Chaetomium spect 


these papers have been minutely 
ture received from the Centraalb 

under the name of Chaetomium tortuosum Garbowski, ha 
yr been deseribed by Skolko 


this species not havin 


authors also exclude trom deseriptior 
Chaetomium described as new 

pilium, and C, nigricolor, and 

Ames (2) have been studied Ku 
and the papers des ribing the tollowing 
consulted: ¢ fiscicolum VPetrak (10) 


species of Sordaria (12 p 807 )): ¢ 





relore propos 


Chaetomium homopilatum sj 


) 
I 


Perith 


Hab 


Chaetomium hon Of latum 


el nudum Ame 


and in producing ¢ 


riads of cl 


uniform lateral ar 


id terminal straight hairs, 
spores According t 
10 15 p in di 


iil 


ArT‘ 
imetet eminudum 
perithecia the tw levree reset 


romopuatum di 


nore and dar} 








(OMVII 


Chaetomium flavum sp. nov 


Colonia initio flava postea pallescens vel flavo-alba 
rlobosa vel subglobosa, 276-345 * 230-311 4: nulla rhizox 
et pauciores quam pili terminales; pili laterales « 


divergente s, Septati, violaceo-brunnei vel flavo-brunnet 


asprelli, apice obtuso, basi cire. 2.9 u 


spirales, fusci, 
parte superiore flavo-brunnei, apicem 


) recti, ad basin fusci, aspel 


brunne1, apicen 
et tre 


megre 


terminalibu 








Omvik: New Spe 


nes at first ve llow, later ble: 
blac k brown, globose to subgl bose : 
none. Lateral hairs shorter and fewer an terminal 
minal hairs otherwise not different, septate, viglet-brown to 
3 types: a) spirally coiled, da 


rk, somewhat roughened 
9 | 


pe; b) spirally ( niled he ow, darl at hase ré ughened ell 


base Ca, 
brown above, tapering to a long, thm, hyaline tip, at base ca. 4y; « 
straight, dark at base, roughened, yellow-brown above, tapering 

th'n hvaline tip. at base@ca ty lateral hairs becoming lone 


Is the end of the per#hecia, intermingling 


minal hairs lerminal hairs forming 


which the straig] s and traight part of the partly spirally « 


hairs emerge \s club-shaped Ascospores dark grey-violet, 
regularly lemon haped, strongly umbonate at both ends, 11.9 
7.7-8.8 p riant spores between the hers. about 17.6 

Hab lat filter paper 


Chaetomium 








(Omvik: NEW SPECH 


The isolate ere hactomium 


cle scribed is ¢ 


paper was named Chaectomiun I] 


The genus //umicola was erected by Traaen (14) 
species of Humicola were described, 1. fuscoatra and H 

In 1941, Mason (8) proposed Humiucola 
VWonotospor 1 Corda and Humicol 


daleae Maso1 


| raaet 


1 grised as a synorl 


yin of 
this species name for the first 


tine appear v it 
\ discussion on tl 


e taxonomy ot Hfumicola and Monotospor 
Here reference is given only to a review on the subject 


‘ 
a rece 


Ma 


pape 
of White and Downing (17) lhe two authors, crediting 
the sorting out of the cultures involved in the 


it t 


early history ot 
grisea conclude by accepting Humicola with I] fuscodatraa the venet! 


type In the author’s opinion, also, this acceptance ts justit 


rice 
i 
The Humicola species isolated from Norwegian soil by 
suld not be referred to any of the known H/umicola 
posed as new witl the foll 


llowing diagnosis 


Sper 1¢ 


Humicola nigrescens sp. nov 


riter 


leurs 

11.9-19 8 w 
10.6-17.6 wu frequente 
forma et magnitudine multun 
Hab: Isolatum « 


cy lindr 
terra hun 


Colonies quickly growing; gradually 


chlamydospores also being formed in the 
dark olive-brown, sing] 


‘ 
Tig? 


aerial mycelium 
e, mM pairs or ina 

12.1-24.2 x 10.6-17.6 » ly 
7 


single or in a row 


te 


vreatly variable 
Conidia have not been d | 


t cliscetned 
Hab I si 


' 


on filter paper 


Hlumuicola nigr ens resembles H 
] 


larger spores, at din not forming conidia, 
n abundance Further, there is a distinct difference 

colonies ot the tw ca torming a light gr 
mvycelimu 


MIG CSCe 
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The 1solate 


has been examined by Dr. FE. W. Mason 


and both agree with the author’s opinion that it is a Humicola 
previously not described 


and by 


‘J raaen, 
pe Ics 


Type culture sent to the Centraalbureau voor Schimmelcultures, 
saarn 


The isolate, described her: 


paper was named Humicola sf 


as Humuicola nigrescens 


1] 


\ll characters of the thre species are based 
tures grown on beer-wort agat 


omicrograp!| 


lides mounted in 10% NaOH 
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NOTES ON MYRIANGIACEOUS FUNGI. 


ON Puy! 


\ NEW DOTHIORACEOUS PARASITI 


stroma of Phyllachora amphidyma 


The perithec ial 
Coorg, South India, was found 


on Salacia sp. collected in 


sitized by a member of the Dothioraceae The tromata 


chora were distributed on the leave 


Che fructification was 


and the infected stromata bore 


fruiting of the hyperparasite discoid. 


vellow in color, soft in consistency, and 2 to 3 mm in diametet 
margin of the discoid structure was slightly raised, which resulted 
the formation of a cup-like structure in the center (F1G 
the stromata closely situated parasitized, 


formed In th ‘ stage 


several of 
cluster of cupulate structure 


\“ seated on 


ment, the yvoung fruit body was 

Sections through the infected Phyllachora stroma 
plete suppression of asci formation. The mycelium of the 
completely filled the perithes 


the fruit body seated above 


ial cavity and spread on 


of hyphae connected 


(FIG 2) 
1 


The asei are formed in a parallel 
elongated interthecial parapl 
hval 


] 1 1 
ayer in eparate bOcule 


are clavate to fusoid, separated by 


(Fic. 2) The ascospores are fusiform, tapering on both ends 


biseriate and 3-septate Phe apice 
structure (ics. 4, 
Ph lang hora 


at the ascospore are 


elongated into filamentous 


The parasitic habit of the tungus on 


fructification containing a single layer of asci, separated 


relationship with Dothior 


differs trom Dothio 


paraphy soids, indicate close 


( Wint Miller & Burton (1943 It 
in the type of stroma (which 1s darl and brittle in Doth 


ascospore septation The striking resemblance of Doth 


mycetous fungi has been pointed out by Miller 


by different 


\ivnriangt 


the position orl thie venus assigned 


place it as an advanced form of the 
longer globose and are grouped in a single layer 


/ 


58 
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and the fungus under study, the asci have 


the typical double walls of myriangiaceous asc1 


The fungus under study is a member ot the 


Ww Sydow { 1917 and cone | Le hidothiora 





760 
istinguished from Dothiora by its hyal phragmospore 

Lave been described by von Hohnel he stromata, 
sta:ed to be (cf. L. elliptica (Fuck v. Hohn dark 
and this differs from the condition present in the fungus unde 
The dothioraceous fungus parasitizing Phyllachora amphid 
fore accommodated in a new genus with the name Annajenkin 
in honor of Dr. Anna E. Jenkins, distinguished 


ceous fungi of the world 


Annajenkinsia gen. nov 


yechium parasiticum, innatun 
velatinoso-carno a, di coidea ve 
arenchymatica 


Mycelium parasitic, innate \csoma erumpent, superficial, pale 
low, sott, discoid, cupulate due to raised margin, mooth : 
present, thin-walled, hyaline, parenchymatou epithecium thin-walled, 
hyaline Asci in a single layer, developing im single locules, separated 
by interthecial paraphysoids, 8-spored, biseriat hyal 


phragmospores 


Type species: Annajenkinsia fungicola Thirum. & 
| | 


Annajenkinsia fungicola sp. no, 


Mycelium in stromatibus Phyllachorae amphidyma 
dense gregarium, matricis stromata omnino obtegens , 
hyphis radiantibus oriunda, contextu gelatinoso-cart 
pallidissime luteum, efformantia, margine elevata, 500-600 pu 
Hypothecium hyalinum, minutissime pseudoparenchymat 
hyalinum Asci unistratosi, in loculis singularibu riui 
18 uw, crasse tunicati \scosporae distichae, fusiformas 
constrictae, 25-34 uw. Paraphysoides sat numer 
Mycelium parasitic, innate, completely replacing the 
chora amphidyma \Ascomata superficial, seated on an emerging weft 
of hyphae, pale-yellow, soft, discoid to cupulate, raised along the margin, 
500-600 » broad, 600 » high, hypothecitum parenchymatous ; epitheciun 


1 
in singic 


thin-walled and hyaline; asci in a single layer developin 


locules, separated by interthecial paraphysoids, 92-130 K 13-I8yp, + 


> ‘ 


spored, biseriate. Ascospores hyaline, fusiform, thin-walled, 3—4-sep 


tate, not constricted at the septa, 25-34 x 6.5 yp 


Hab. on Phyllachora amphidyma on Salacia sp., Coorg, South 
lOth March, 1948 (Type). 





HLIANSFORD ANI 


The ou 1s j nothe 1 Was proposed i yaOW (1939 


cabra vd. as type, for an epiphyllous vriangiaceous fungus 
Intiaris atricana | rticace; collected by ( Deihtor 
the Gold Coast, Afric: 

ry} j 


phopodite, let latoid, su 
thecium-like structures. These possessed brow 
chyma and inner fibrous layer, with a single 
as in Myriangiales. The spores were 
dark brown 

Vasonia Hansf. was described by Han ( 1944) fro 
\trica, on Chlore phora excelsa ( Urticaceae with the tollow 
acters: The fungus 1s parasitic with external, olivaceot 
mycelium, bearing superficial, non-ostiolate globose 


brown externally and bearing interiorly a single monascigenou 


as in the Myriangiales, and possessing dark-brown 


the generic descriptions read very similarly, the type specimen 


compared by analyzing the descriptions given by Hanstord and b 


Svdow The typ specimen ot both Ingiotheca scabra and Mason 


a 
chlorophorae were made available for study through the kindne 


Vir VW ‘ 1 while the senior author had the opportunity to st 


Mycological Institute, Kew, England 


100-190 yw 


Krom the above analvsi 
congeneric or even identical 


specimens Of the two genera 
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heial ectoparasites with the perisporiaceous type ot hyphae, the same 
and parasitizing two closely related members 


type of stromata, asci, et 
In Angiotheca the hairs on the perithecia 


of the Urticaceae in Africa 
few cases 


slightly curved in Masonia in 


are straight while they are 
and therefore .asonta 


significance 


This difference is only of specifi 
with the 


treated as being congeners earlier described 


Hansf. may be 
Inqgiotheca Syd 


In conclusion the senior 
Kk. Jenkins, Division of Mycology, | 


author wishes to acknowledge his gratitude 


S.D.A., Beltsville, 


to Dr. Anna 
Vid., for the benefit 


myriangiaceous fungi and for facilities to 


of valuable information and discussion on the 
at the Plant Industry 


j 
Vor? 


Station, Beltsville, Md., | Ma \ 
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NEW AND INTERESTING SPECIES OF 
BASIDIOMYCETES. IV 


0.5 mm 
lobosis, le 
super he 
aureolo-me 
ophoris ad 
dendrophy 
rissime) pallice 
longis ornatis, ceterun 
cresylico atrocaerulescet 
pedicellati nec 
det dre pl V Se 
loideis ee 
usam, 


& We Ie n 


habitations 


Pile 
reticulat: 


pseudostiy 


lerumque tri 
trali praedit 


quatuor long 


ticularium Mara 


sali 
MA li 
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11 4, parte collari plus mim 


ubcrassioribus intraque quan 
lorabilibus, parte basali saepe 
lindrico-capitatis ; metuloideis 


crasse tun 
pracse ntibus. 


is Campane 
opacis, hyalinis, cylindraceis vel frequentius 
fusoideo-ampullaceis, apice rotundatis, moderate numerosis 
tatis, 35-44 x 8.5-9.7 hyphis tramatis tenui-tunicati 
positis, hyalinis, fibulatis, | 
asterostromelloidea 


filamento 
latinosa laxe di aud amyloidet 
gaudente. ¢ mn pli ibu 


ex toto diverticulatis composit 
Puerto Manzano, Maio 18, 1952 


17, 1952, Singer M706 (LII 


C husqueds 


Fie. 1 Campane lla di ndro phi ra Mature 
germinating. JJ. Dendrophysoid element 75 
750 ( ( ysticha 750 Vet. Metuloid 


Basidium 500 


Campanella tenuitunicata sp. noy 


Pileo albo, postice fuscidulo, profunde canalicula bre 
conchato, 5-17 mm lato. Hymenophoro lamelloideo minus projicientibus 
anastomosisque lamelloideis distantibus, sordide 


nullo Spor ORR Y 2 42 us 


conne elevationibu 
nullo. Odore 


stipit 

hyalim dmodum 
forma, aut ellipsoideis vel apice mucronatis e fronte visis, lateraliter visis elevatione 
uprahilari externa (dorsali) calcariformi plerumque praeditis, guttul: 


sporarum excentrice 


gularibus 


in parte inferiore latiore 


‘ a, latere interi 
convexo vel applanato vel medio depres membrana inamyl 
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= TT. , ' 
27-34 * 6.8-8.5 4, clavatis, hyalinis, tetrasporis; basidiolis cylindracets vel 


clavatis, raro subf 
crassatis, centr 

incrustatione debil 
attenuatis, apice 4.) 
tenuitunicatis 
epicute pilet 
chinum sp., in re 
prov. Catamarca 


1952, Singer 71 


CAMPANELILA 


Pileo candid 
(jue convexo vel 


leniter subbrunnes 





Ch 


biG a 


cystidium of ( 


kabulensis ] 


lamellulis angusti 
grisello-alb« torn 
Carne alba gela 
4 Ri 6.2) wu ellipse 
clavatis, tetraspor 
ftumicatae analog! 
strictione «¢ g 


Campanel lae simu 


usoideis ; cystidiis hyalinis, tenuitunicatis, in tertia interiors 

onstrictis, apice plerumque capittat: el subcapitatis levibus vel 
i instructis, 30-33 * 6-7, in parte constricta usque ad 2-—J3.54 
86.2 uw latis: hyphis tramatis gelatinascentibus, hyalinis, tenuibus 


parietibus subtenuiusculis instructis, inamyloideis, fibulati 


ructura asterostromelloidea gaudente, pallidissime mellea. Ad 


gione montano-subxerophytica s : e pluviosa Argentina, 


Suncho, Santa Rosa, vallis Rio Campo, 1650 m. alt., Jan. 18, 


0 (LIL), rypt 


anpIpA (A. L. Smith) Sing. var. stipitata var. nov 


canaliculato-reticulato, glabro, subcirculari, membranaceo tenui 
irregulari, 10 mm lato. Hymenophoro lamelloso, sordid Ibe 
cente in siccis, lamellis distantibus, adnexis vel adnatis, angusti 


‘ d 


Cas 








Ca. 


{ arpophore or ¢ 


ia paranaguas Z000 


ribus cum lamellis anastomosantibus, an: 
ntoso, horizontali, tortiter excentrico 
tinosa, tenui | 
ideis, hyalinis iamyloideis 

is, paucis bisport ystidii 


ed Irequenter crasse tunicé 


28s crassa), plus minu 


mits analogis, metuloideis 


tenuitunicatis, saepe subsolidis, opaci fusoideo-ventr 


necne, acutis vel 
9.5-13.7 «; hyphi 
melloidea; fibuli 


Campo, Catamaré 


obtusis, incrustatione crystallina api 


tramalibus in massa 
praesentibus Ad ramulos 


Argentina, 1650 m. alt 
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Clitocybe augustinensis sp. nov. 
Pileo albo, dein Clitocybarum m« 
levi, infundibuliformi, margine in 


tenuitunicatis repentibus formata 


angustis, intermixtis, profunde decurrentibus ; 


levibus, ellipsoideis vel ellip 
dis 20 * 3B 4, tetra ports 
] 


Clitocybarum typi gaudent 


e basi bulbosa squamosa albz 


C litoe ¢ augustines 2000 


Hf. Fragment of hymenium witl 


loideis tenui-tunicatis, haud gelatin 


rrinidad, J. Wilson 9-—I1-1950 
481, (K) 


Clitocybe kabulensis sp. noy 


Pileo flavido-albo, sicco, sordid 
formi, excentrico. Lamellis flavid 
profunde decurrentibu Stipite fi 


albida. Sporis variabillimis, pler 


4.5.7(-64) # ceteris cylindrace 





intima 
menopi 
enite! 


yinnio 


Coillybia albelloavellanea 
Pileo II 


uM) al | 
rlabre 


conve 


) ‘ 
milertis 
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cheilocystidiis inconspicuis, filamentosis vel subbasidiomorphis, sparsis; cystidiis 
nullis; epicute pilei ex hyphis repentibus, filamentosis, levibus, hyalinis consistente 
vestimento stipitis pilis erectis crasse tunicatis, subhyalinis vel hyalinis levibu 
formato; pilis subulatis vel centro subventricosis, semper apicem versus attenuatis 
acutis vel saepius obtusis, 38-55 x 3.2-5.5; tramate hymenophorali regulari, in 
terdum subintertextis hyphis formato; fibulis numerosis. Ad lignum emortuum in 


ilva tropicali litorali Paranagua Brasiliae (Parana), Sept. 27, 1952, Singer B40) 


Collybia paranaguae sp. nov. Fic. 2, Ca, Ch. 


Pileo obscure castaneo vel cinnamomeo-fusco, centro pallidiore, hygrophano, 
ubpallido in siccis, glabro, in siccis nitente subsericeo, haud striato in statu hu 
atque sicco, conico-subapplanato, umbone exiguo praedito, 13 mm lato 
avellaneis, confertissimis, adnatis (nec non unum ad latus subdecurrentibu 
(1 mm latis). Stipite avellaneo vel isabellino-pallido, subglabro, helici 
minute substriato-sulculato, aequali, 40 x 15 mm; mycelio basali toment: 
strigoso, albo. Carne superficie minus colorata, subalbida vel albida 
tenacella, in stipite tenaci, inodora, miti. Sporis 6 * 2.7 4, levibus, hyalinis, in 
amyloideis; basidiis clavatis, 15-16.3 * 4.5-54, tetrasporis; cheilocystidiis paulun 
conscipeuls, basidiorum magnitudine vel longioribus, subcapitatis vel rarius clavatis 
hyalinis, inter basidia sparsis; cystidiis nullis; tramate lamellarum regulari, ex 
hyphis subparallelis, hyalinis, filamentosis consistente; epicute pilei ex hyphis 
radiatim dispositis filamentosis, levibus, pigmento intracellulari dissoluto instructi 
consistente; hyphis omnibus inamyloideis, fibulatis. Ad basin Palmae solitario, in 
silva, tropicali litorali Parangua Brasiliae (Parana), Sept. 27, 195 


B406 (F), TyPUs Collyliam trinitatis Dennis in mentem revocat 


Collybia syringea sp. nov. 


Pileo yiolaceo, dein sordide pallido, levi, glabro, centro demum subalutace« 
campanulato, centro subacuminato-subpapillato, margine magis declivi, 12 mm lato 
Lamellis caeruleo-violaceis (ut in multis Cortinaritis), ventricosis, latis, adnexis 
distantibus Stipit lamellis concolore superne glabro levique, aequali, farcto 


demum cavo, 29 x 0.7 mm, basin versus 1 mm lato; mycelio basali tomentoso 


substrigoso; velo nullo. Carne albida in pileo, lilaceo-violacea in stipite, inodora 
Sporis 3.3-4.5 X 3-3.54, membrana homogenea inamyloidea instructis, submelleo 
hyalinis (NH,OH), tenui-tunicatis, breviter ellipsoideis; basidiis 24—25 5.7 
clavatis, tetrasporis; cystidius nullis; cheilocystidiis marginem pilei versus sparsis 
cylindraceis saepeque subventricosis basin versus (usque ad 6 diam.), 25-30 
2.7-3.5 #, hyalinis; subhymenio ex hyphis brevibus latiusculis, exiguis, irregularitet 
consistente; traniate hymenophorali plus minusve regulari; epicute « 
appressis efformata, in strato hyphis superficialibus supposito plerumque 
hyphis latis (usque ad 17 diam.) formata, cellulis terminalibus, ubi superficiem 
adaequant, interdum clavatis, strato superficiali plerumque ex hyphis filamentosis 
tenuibus efformato, in omnibus membrana submelleo-hyalina vel flavidula notata 
hyphis tramatis pilei hyalinis, inamyloideis, fibulatis, binucleatis (ut cheilocystidia 
poris demum binucleatis vel uninucleatis. Ad folia putrida in silva tropicali litorali 


Paranaqua, Brazil (est. de Parana), Sept. 27, 1952, Singer B404 (1 Species 
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probabiliter affinis 


su Dennis (vix | 


Pleurocollybia apoda sp. nov 


tramati 
utem ef! i u consistent« 
lignum putridun o Sardinill 


Weldon 7518 (1 , TYPt 


microspora val noy 


membranz 
AC pe 
metuloid 


incrusta 





gelatinos mdulantibu 
emortuun dicotyledone 


13, 1952, Martin & W 


Hohenbuehelia pycnophylli sp. nov 


Pileo atroumbrino, nitente 
imulante Lamellis albido-cremei 
angustis, internmuxti decurrentibu 
partim fuscidulo, 
erecto quam pileu 
Sporis 7.7-8.3 


basidiis (25—)28~29( 


6 


HY hnenow hi ia / uw pl 


1000 We. Metuloid 


plerumque basidiomorphis, uno- vel bi-appendicul: 
vel irreguiariter clavatis neque appendiculati 
metuloideis moderate numerosis, tezgumento cra 
in parte superiore, crasse tunicatis (membran: 
crustatione 40-62 * 8.5-1l 4 et hyalims; hypl 
hyalinis, fibulatis Ad / | 


phyliun 


NUy 
ywrov. Jujuy, dep. Tilcara 


\ 


(olorada 


] 
Sleumor (I), Tyrt 


Panellus mirabilis sp. nov. 


Pileo albo, dein albo-alutace: 
lente pube scente, dein glabrescente, | 
crenato vel sulcato, convexo, 1-4 mn 


tantibus, applanatis, subangustis, 
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racentibus i pile 
arte superiore, al 


subprui 
toment: mycelii 


central, dein 
( 


n pi inferiore, in prim 
‘ sublateral) jual ' longo, 0.3-0.4 mn 
arne alba vel inodora. Spori 8-3.6 4. hyalinis 
ellipsoideis vel cylindraceis, fortiter amyloideis 
asporis; basidiolis fusoideis 
et prope aciem numerosis 


levil 


4 


basidius 205-21 
clavatis, tetr acuminatis: cystidiis zona anwusta 
sé tasciculatis, 21 -2 6.3-10 aw, 
{ Usq ue ul 0.7 w), clavatis 


litariis vel membrana 
nonnihil incrassata incrustatione abundant 
mellea vel ochracea instructis, ceterun 
pile: hyphis 


hyalinis 
diverticulatis 


resi 
demum pallide stramineis : « 
fortiter (interdum aspectum asterostromelloideu 


\ 


has 

1000. DL). Diverticulate hyphal elements of ‘ } * 1000 
Schematic longitudinal section through the primordium of 0.2 liametet 
howing the origin the hymenium (HYM) and the upper 
(ST.IL) zones of t tipe H. Hairs of the wvering layer 
the stipe 5 


trantibus) f 
ute partis supe! 

rioris stipitis 
aud amyloidei 
dumeto 


‘ lamentosi 


Primordiis 
subtropica 


‘ low hammock) gre 
State Park Highl: } ( le 1 \ Aug 12 


gymMnocarpici 
gati 
1942 


Crinipellis foliicola sp. nov 
Pileo br 


mneo (inter Prout 
grol al {s cco 
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o subumbily 
uma pile: denu 
a bidi meds 
libers Stipite brunnes 
O53 mm ( 
wiortbu 
fusoides asidi 
cystidit hi | stidiis (8-)14—22 
terdum ipartits frequentiu 


terigmatoides bt long! 


apicel 


ce fibulatis } 


1942 
haud tantun 
is centrum pile mu btus 
loratum, haud glaberrin 


inmutissimM: dipterocarpt ath 


Pseudohiatula panamensis sp. 10\ 


Pileo atrocinereo, centro fuligineo, pet 
pparenter subumbonato, convexo dein re 
le grisei ubdistantibus Vv 
lineis venosis per apicem stipitis 
juali tubulose 40 4 
tu. frequentissime 9.3 
tunicati late ellipsoideis; ba idl 
tid paulum manitesti haud 
iti ubbasidiomor 
epicute piles « 
impletis vel hyal 
rmibus, plerumque 
tructi evibus nud 
formante, ex elementis elons 
nento fusco intracellulari dis oluto 
aud velatinosis inamyloidets, defibulat 


tuum, in silva tropical, Cort 


Weldon 8335 (F, 1A) 


Marasmiellus defibulatus sp. nov 


que it 


ubuml 





ubdistantibus, moderate latis 
demum toto umbrin bfibrillos 
longo, medio millimetro tenuiore 


evibus 
duplicatis 

Irequentet 

cystidiis n 


merosissimi 


| i 


Marasmiellus septicoides sp. nov 


Pileo ailn }. i 
ub lente fibrillis ara 
tantibus 


noidets 


latis, subdi 
ny ine nophe r 


(Carne subnul 
ime flavidulis, membrana 
ternum versus applanatis 
tetraspor! ad aciem numer 
raro flaviduli basi i assi { 


(44.5 » diam 
inis, elongatis, | l 
1! ! mamnite liverticulats der 


admodum subtil thus d 
} bulati Ad ramum 


Su phis epicut 
ramulis nodul 


j 
utridun 


11 
nulls 
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hy phi 


yverente 
{ olorado 


Hic 


Barro 


oTyPt tur 


Volvariella lepiotospora sp. 


im centro 


Pileo brunneo-nigro 


nigris vel subnigris obtecto, subrimul 


tomente!l] 
lato | 


tegumento tenul 


unbonato, 32 mm 


Stipit pal lice ordideque 
‘) 
4.7-5.51 


cheilocystidiis 


mm diam. ) mn 


exiguisque 6.3) 


‘ | 
iguis vesiculosi cli 


radiatim dispositis latiuscullis 


fusco impletis, levibus, usque ad 


succo 


Pholiota naucortoides. ( 
1000 


Ch. Cheilocystidium 


10 


13 p, 


tenuibus 


ate rotundatis, 40 


lari superposito ex hyphis 


aul 


fibu 


Math 


tropicali on Hammock, Dade 


1143 (1 


rypt 


Pholiota naucorioides sp. nov 


Pileo pallide stramineo, dilute 0« 


superficialem, frequenter interruptun 


slat 


0 mu 


lorm 
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| 
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Pleurocystidium 
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ficies pilei subsquamulosa appareat, cuticula fundame 


levi, haud striato, dein in depressione centrali macul 
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sports in 
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praesertim in siccis, 5-7 mm lato. Lamellis pallide argillacets 
demum obscurius argillaceo-brunneis, subinde subferrugina 
siccis, latis, late adn vel adnatis, moderate c 

massa subferrugineis. Stipite pallido vel ochr 
fibrilloso et demum frequenter glabrescent 
aut basi aut plerun 
t ambobus usque ad 


non aut apice 


imen curvat a ‘ 

9-11 X¥ 0.8 mm, apice aut basi au 

marginem ororum ju lit haud manite 

lato; tomento basali abundante, al arne pallida 

haud amar arius maior! 
lracet vel Irequentiu 
iterdum poro gern 

=i 


brunnet apice subact 


ationeque supral ilaribus destituts 
rarius flavidis (e pigmento 


cystidiis ad aciem | 


hyalinis vel 
tetrasporis, paucis bisporis ateraque 
aud dense dispositis, incrustationibus nullis vel rarius | 
corpusculo flavo interno refractivo destitutis (chryso« 
40-55 *« 9.5-10 4, apice longo, 4.5-6# diam.; chet 
iyalinis vel rarissime subflavidis 


hymenophor 


' 
ace|s, 
apice 


ubve Si¢ uloso ventricosis 


&-14.2 w, interdum basidus 1 


hyalino, sed nonnullis 


nter ea dispersis; tramate 
mentoso, elementis in ¢€0o " ubhymem 
tinctis € pigmento intercellulari in ammonia dis 

constante quod partim ad superficiem appressum 

pigmento ferrugineo-incrustatis, angustis filiforn 
formata; incrustationibus cry 


apicibus rotundatis 


velare atque inter tragmenta eu 


cuticula ipsa lament 
minus pigmentatis formata disposita est; hyphi fibulatis 
arboris dicotyledoneae recenter caesac 
Paranagua, Parana, Brasiliae, Sept 
strati velaris pilei ad Phaeomarasmi 


loides est staturaque minuta naucor! 


Crepidotus martini sp. nov 
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rrunneol ‘ evi 
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lati liberi ve 
) central 
maturis 


plerumg 
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776 Myco.oaia, 


hyphis omnibus fibulati Ad quisquilias, ramulos dejectos, stipites foliaque 
emortua abundanter gregarius, Barr: I ) i, Zona Canalis Panamae, 
Jul. 7, 1952, Martin & Welden 7494 (1 ryPt ISOTYP' Crepidoto pezi- 
ulae (Berk. & Br.) Sacc. ceylonico perattn 1 hic hyphas epicuticulares pig 


mento terrugineo incrustata habet 


Pleurotellus fibulatus sp. nov. 


Pileo albo, glabro ceterum omnino ut in Pp herbarum | Aare 


confertis vel subconferti adnexis vel decurrentibus, vix latis 


laterali vel nullo. Carne alba. Sporis 7.8-9.2 3.54.7 w, levibu 
, 


membrana tenuicula haud manifeste duplici instructis, callo poroque d 


brana homogenea praediti hasidiis 18-27 4.7-5.7 uw. tetraspori 


Fic. 8. Brauniella alba. Carpophores, natural size, phot 


cheilocystidiis 8.5-10 4 latis, sparsis, ventricos longitudine basidia aequantibu 
hyphis fibulatis. Ad Montem Alsea, Benton Co., Oregon, U.S.A., Doty 723a, 
Nov. 4, 1939 (IF), rypt P. herbarum affinis ibulis differt 


Brauniella Rick ex Sing. nom. nov. 


Braunia Rick, Egatea 19: 112. 1934 


Brauniella alba (Rick, Egatea 19: 112. 1934) Rick ex Sing. comb 
nov. Fic. 8. 
This species was studied and redescribed in Lilloa 26: 102, 1953, as 


Braunia alba Rick 
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It was then indicated that Rick had used a herbarium and manuscript 
name Brauniella for this interesting new genus, since he realized that 


Braunia was preoccupied \s | have explained in footnote (1) mm the 


LLILLOA paper, his assumption that Braunea is a homonym of Braunia 
wrong. However, Rick’s genus is a homonym of Braunia Bryol. Eur 


1846 ( Hedwigiaceae), and consequently Rick’s alternative unpublished 


proposal to rename the Gastromyete Prauniella has been accepted i 


recent communication made by the present author at the VIII Intes 


national Botanical Congress at Paris, 1954 
Brauniella alba (Rick) Rick ex Sing. is related to the Pluteeae (fan 


lmanitaceae) among the Agaricales, and is similar in certain aspects 
to lolvariella cnemidophora ( Mont.) Sing \mong the Gastromycete 
it belongs in the family Secotiaceae It is also related to the genu 
lorrendia Bres. 

Material from the state of Rio Grande » Sul, Brazil, pres 


the Herbarium of Collegio Anchieta, Porto Aleg Brazil 


FuUNDACION Micuet LILto 
TucuMAN, R. ARGENT! 





REVIEWS 


PHYTOPATHOLOGIE DES Pays CHAUDS Vol. Ill, by L. Roger 
(encyclopedie Mycologique, Vol. XIX). Pp. 2257-3154, figs. 362 
368. Paul Lechevalier, Paris, 1954. Unbound. Price 10,000 frances 
(about $28.00). 


) 


Vols. I and II of this work have been noted in Mycologia 44: 424 and 
45: 625. The third, and concluding, volume deals with diseases du 
to algae, mosses and lichens (25 pp.), bacteria (139 pp.), phanerogami 
parasites (32 pp.) and viruses (175 pp.). The remainder of the volume 
is devoted to the third part “Revue des problemes phytosanitaires des 
pays chauds” arranged by hosts or host groups, and followed by a glos 
sary, tables of contents and two complete indexes to the entire work, 
one to names of organisms and topics treated; the other to diseases and 
causal organisms classified by hosts. The general treatment and the 
indexes greatly facilitate the usefulness of the work for reference \ 
stated previously, the encyclopedic nature of this series makes it 
necessity for all laboratories of plant pathology, since many of the di 


eases discussed are common in temperate areas.—G. W. M 


\ MonoGrarn or THE FUNGUS GENUS CERCOSPORA, by Charles 
Chupp. 667 pp., 222 figs. Published by the author, Department of 


Plant Pathology, Cornell University, Ithaca, N. Y Price $10.00 


This very large parasitic genus, including many common and widely 
distributed species, has long been in need of monographic treatment. This 
is presented, on a world-wide basis, in the volume under consideration 

A brief introduction gives the history and characteristics of the genus 
and comments on the various attempts that have been made to erect 
segregate genera for various groups of species. The author concludes 
that none of these are practicable. The chapter concludes with a key to 
40 genera which have been confused with Cercospora 

The over 1200 recognized species, some of which are here described 
for the first time, are arranged by host families, the latter listed alpha 
betically. There is no general key, but throughout the text, there are 
numerous keys to the species occurring on specif families or yenera 
An index of host names and another index of recognized species and 


synonyms completes the volume The illustrations are simple line 


drawings showing spore characters, conidiophores and outlines of stro 


mata, placed in the text in con: emient proximity to the species illus 


trated—about a fifth of the total 
The book is obviously needed for reference in all plant pathology 
and mycology laboratories.—G. W. M 
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MANUSCRIPT 


Publication in MYCOLOGIA is ordinarily 
members in good standing of the Mycological Society of 
submission of manuscript. i 


immediately preceding 
quire a favorable vote by a majority of the Editorial 
or more authors, the person submitting the paper is expected to be a member. 


prope 

form, it may be necessary to return them to authors. They will be published in 
approximate order of their acceptance, except for the address of the retiring Presi- 
dent and papers whose cost of publication is paid by the authors, the latter run as 
excess pagination. 

All illustrations should be numbered consecutively 
arabic numbers and simall letters for subdivisions, e.g. 
mean that all figures grouped for convenience oz 
nusiber, Figures should be prepared so that, wi 
exceed 4 inches, and should be short enough to 


in one article he may do so by paying for 


Citations of literature should be double-spaced, arr: in alphabetical order and 
cited by numbers or dates. In citing papers with two ov mre authors, only the first 
author should have the initials after the surmame. The address of the author should 
appear at the end of the text, before the bibliography. 

Each author will be restricted to two pages of half-tone illustrations or three of 
zinc line-engravings for each article, the total cost not to exceed $25. If figures 


are mounted on board, the cost of routing may be such as to restrict the spac allow- 
ance substantially. Should the cost of cuts exceed $25, the author will be asked to 


pay the excess. 
To comply with the International Rules, it is recommended that contributors fur- 


nish brief Latin diagnoses of all new species and genera when their manuicript is 
submitted for publication. 
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Mycologia, bimonthly; devoted to fungi, including lichens; containing technical articles and 
news and notes of general interest. $8.50 a year; single copies $1.75 each. 


Established by The New York Botanical Garden in 1909, in continuation of the Journal of 
Mycology, founded by W. A. Kellerman, J. B. Ellia, and B. M. Everhart in 1885. Edited by 
William Alphonso Murrili, 1909-1924. Edited by Fred Jay Seaver, 1924-1946; by Alexander H. 
Smith, 1946-1950. Beginning with January, 1933, the official organ of the Mycological Society 
of America. 


North American Plora. Descriptions o° the wild plants of North America, including Green- 
land, the West Indies, and Central America. Planned to be completed in 34 volumes. Roy. 8vo. 
Each volume to consist of four or more parts. {Not offered in exchange] Volumes 1-10 deveted 
to fungi. 

Vol. 1, part 1, 1949. Myxomycetes. $7.25. 


Vol. 2, part 1, 1937. Blastocladiacese, M. Saprolegniaceae, Ectrogellaceae, 
Leptomitaceae. $2.00. 


Vol. 3, part 1, 1910. Nectriaceae-Fimetarinceae. $2.00. (Out of print.) 
Vol. 6, part 1, 1922. Phyllostictaceae (pars). $2.00. 


Vol. 7 (now complete), parts 1~15, 1906-1940. Ustilaginaceae-Aecidiaceae, $2.00 per part. 
(Parts 1-5 out of print.) 


Vol. 9 (now complete), parts 1-7, 1907-1916. Polyporaceae-Agaricacese (pars). $2.00 per 
part. (Parts 1-3 out of print.) 


Vol. 10, part 1, 1914; parts 2 and 3, 1917; part 4, 1924; part 5, 1932. Agariceae (pars). $2.00 
per part. 


Series Il, part 1, 1954. Tuberales. $1.60. 





The New Britton and Brown Illustrated Flora of the Northeastern United States and Adjacent 
Canada. By Henry A. Gleason. 2 volumes. List price $30.00 per set; shipping charge $0.50. 
“ceeds the Illustrated Flora by Nathaniel L. Britton and Addison Brown. Includes descriptions 
and drawings of the plant species, from ferns to orchids, which grow without cultivation in the 
are. extending from the St. Lawrence River to Virginia and westward to Missouri and Minnesota. 


The Garden Journal of The New York Botanical Garden. Bimonthly, illustrated, containing 
news, book reviews, and non-technical articles on botany, expioration, and horticulture. Free to 
all members of the Garden. To others, 35 cents a copy, $2.00 a year. Now in its third volume. 
A continuation of the Journal of The New York Botanical Garden, fifty-one volumes. 


Brittonia. A series of botanical papers. Subscription price, $7.50 per volume. Now in its 
eighth volume. 
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